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Ryerson carries the largest and most complete steel 
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less, ete., in every size, shape and form... a ready, 
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Ryerson Certified uniform high quality Steels meet b 
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portant advantage—especially with alloy steels 





where chemical content, heat-treating response and 
other characteristics must be known with certainty 


to assure best results in less time. 
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Fast delivery is assured from ten conveniently 





located Ryerson plants . . . no order too small 
for prompt, personal attention or too large for 
immediate shipment. 








Joseph T. Ryerson & Son, Inc. Plants at: Chicago, Milwaukee, St. Louis 
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upplies 


strategic and 


equal anticipated consumption, and 
under those circumstances tempo 
rary delays may be anticipated. No 
shortage, 


serious and widespread 


however, is seen in the figures, and 


it may be said that at the present 


@ f time aircraft consumption has not 
vel reached the tonnages provided 
for in the confidential estimates 

First, as to the production ol 
virgin ingots Fortunately, the 
Aluminum Co. of America, our only 
producer, started many months ago 


ona large expansion program, not 


critical metals only near its own power plants tn 


those essential to 


TRATEGIC METALS are 
the national defense, only a minor portion pro 
duced in the United States, and for which strict 
rationing will be necessary in war. Critical metals 
ire those which, while essential to national 
defense and secured in considerable portion trom 
foreign sources, will be available locally in more 
wlequate quantity 

On Jan. 30, 1940, the Army and Navy Muni 
tions Board approved the following list of stra 
tegic and critical metals: 

Strategic metals, seven in numbe! Antimony 


chromium, manganese (ferro grad mercury, 


‘kel, tin, tungsten 

Critical metals, three in numbet! Aluminum 
itinum, and vanadium. 

Since 


juite recently in four other important metals, thet 


temporary shortages have developed 


nsideration is also desirable. These are coppe! 
in (steel), magnesium, and zinc 


Let us discuss these metals alphabetically 
st having remarked that tin and chromium are 
e two giving most concern 
Aluminum, a critical metal. Demands tor alu 
inum have increased so sharply due to the 
panding aircraft program that many items going 
nto the production of the ingot, as well as facili 
es for the metal’s fabrication, have required 
While detailed figures are confi- 


production ot 


‘ious study. 
ntial, being closely related to the 
ghting aircraft, no shortage of ingot aluminum 
r essential fabricated forms is anticipated at 
ist as far forward as July 1942. In some ot the 


dlucts, plant capacity will at times just about 


the southern Appalachian region 


but also near the Bonneville Dam 
on the Columbia River. Production 
as otf June 1940 was on the ordet 
of 50,000,000 Tb. per month, and as 
these new plants come into produc 
tion and the 


increases Slightly, the total supply in July 1942 


recovery of secondary aluminum 
will double that figure This includes an estimated 
000,000 Ib. of ingots monthly starting July 1941 
from a plant financed by Reconstruction Finanes 
Corp. and buiit’ by the Metal Co. at 
Sheffield, Ala 

Ot the 


Revnolds 
most important raw materials tor the 
manufacture of ingot aluminum, power may be 
mentioned, and power plants require a lot of tim 
to build, whether generating from steam or wate! 
fall. Fortunately there is a considerable surplus of 
power now available in various dams built by the 
Valley Authority, and = thos 
built or nearing completion in the West 


Bauxite, the ore from which aluminum is pro 


lennessee recently 


duced is si Te piled bor i Tiiive Ii} mnths 
Slightly over half our bauxite i 


Dutch Guiana, and there should be litth 


supply 
imported trom 


interrup 


tion with shipping across the Caribbean Sea The 
balance now comes from mine in Arkansa 
Deposits in both regions are worked in open pits 


{ nly can output quickly be expanded, but i: 


now steadily mounting In Arkansa ilome 
have an eight vears’ supply of proven ore, even 1 
ill r anticipated requirement vere taken trom 
that state 

Ah nu i Kn n reduced eles 
I vi iiv irom al ite ion l ervolil ma 
iluminum Krcle Crvyolite comes irgely from 


ipply would be seri 


Greenland; problems of 


were it not that crvolite is easily made vntheti 
cally from soda, aluminum and hydrofluoric acid 
the latter being made from flue rspal of which 
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our entire requirements including large quanti- 


ties used as fluxes in steel making are mined in 
Ilinois and Kentucky 

As to the fabrication facilities: Rolling mills 
for high strength aluminum alloy sheets, such as 
are used primarily for the fuselages and wings of 
aireratt, are practically at capacity now. This 
situation will be relieved within six months by a 
new mill of the Aluminum Co. of America, to have 
10,000,000) Ib. of 


an ultimate capacity of rolled 


shapes per month. Forging capacity in both large 
and small hammers exclusively devoted to alumi- 
num is ina tighter situation. While there is more 
capacity than needed for military requirements at 
the present time, a shortage is anticipated by July 


1941. 


automobile forge shops are now 


Some big hammers must be secured, and 
being surveyed 
for tacilities. Adequate capacity exists, certainly 
as far as 1941 requirements are concerned, in the 
manufacture of extrusions and high strength tub- 
ing, although a shortage in wire, rods and shapes 
will require new mill capacity. There apparently 
is adequate capacity and skilled personnel to man- 
ufacture all the sand castings, permanent mold 
castings and die castings required by the defense 
program. 
Fortunately most civilian uses for aluminum 
utilize unalloyed metal or softer alloys, and con- 
sequently consumption at the 1940 level will not 
interfere unduly with the production and fabrica- 
tion of the special forms used for military purposes. 
Estimated ingot production also is sufficiently 
large to maintain civilian uses at the 1940 level. 
Antimony is a strategic metal, since over a 
period of years less than 10° of American require- 
ments have come from mines in the United States. 
In that 


mately half the world’s production. 


same time we have consumed approxi- 
Under these 
circumstances, the work 1939 by the 
United States Geological Survey and the Bureau of 


These agencies 


started in 


Mines is of especial importance. 
were instructed to survey existing mines and pros- 
pects of all the strategic and critical minerals, and 
to do enough developmental work on likely depos- 
its to prove the ore body. In one mining district 
some high grade antimony ore has been discov- 
ered in small lenses and it is believed that this 
constitutes an important reserve. Furthermore, a 
large low grade deposit of antimony ore has been 
indicated by extensive diamond drilling which can 
percentage of our 


be mined for a substantial 


requirements if the emergency warrants paying 
the necessary price. 
smelter has been 


Meanwhile an antimony 


operating at Laredo, Texas, since 1931, largely on 
Mexican ores; for this reason Mexican ore has been 
steadily increasing in volume to where it has prac- 
tically supplanted metal from China as our princi- 


pal source of supply. Imports from Bolivia are 


also expanding rapidly at the present time, a) d 

during 1914-18 about half of our then requiremen s 

came from countries to the south of us. 
Antimony is used for bearing metal allo 


for hardening lead (battery plates, electric a: ( 
telephone cable sheathing, bullet cores and shr: 
nel balls), primer mixtures and pyrotechnics. © 
current consumption is about 15,000 tons of ne 
metal supplemented by 10,000 tons of 


What it will be during another emergen 


secondary 
metal. 
is problematic, as consumption increased relative, 
little during the last war, even though world p: 
duction doubled. Many economies could be effected 
if necessary; the normal 1° antimony-lead cable 
sheath is already being supplanted by lead hard- 
ened with calcium; babbitt for bearings is being 
economized by using steel-backed bearings with 
an exceedingly thin layer of alloy on the rubbing 
surface (which also saves much tin, another stra- 
tegic metal). Other bearings are common, such as 
copper-lead, powdered copper and graphite, ball 
and roller bearings. 

With an operating smelter within our own 


shipments trom 


rapidly expanding ore 


Bolivia, and 


borders, 


Mexico and emergency production 
from numerous small mines in America, as_ well 
as the use of substitutes proven to be quite ade- 
quate, we are not likely to be in serious troubl 
from a lack of antimony. 
Chromium, a strategic metal, looks upon a 
situation which is by no means so easy. In Octo- 
ber 1940 James H. Crircnert, vice-president ot 
Electro Metallurgical Co., 


ferrochromium, wrote in MerTAI 


leading producer of 
ProGress: “The 
manufacturers of ferrochromium, refractories, and 
other chromium products have always maintained 
large stocks amounting in cases to several years 
requirements under normal conditions and to more 
than a vear’s needs under even the most exagge! 
ated demands.” Some dependence might also ly 
placed in the stock-pile of metallurgical ore being 
Metals 


corporation } 


accumulated by Reserve Co. (a govern 


mental Unfortunately this stoc! 


pile is now growing slowly, if at all, because 
shipment 


/ 


the almost complete interruption of 
from the countries bordering the Mediterranea 
ordinarily a prime source. 

Meanwhile the worlds requirements for chi 
mite (the ore of chromium) have doubled wit! 
the last ten vears. In 1930 one ton of chrom! 
sufficed for 200 tons of steel but, what with | 


increasing use of chromite refractories and ch 
mium alloy steels (including the new high ch 
mium stainless steels and heat resisting alloy 
one ton of chromite is now sufficient for only 1'" 
tons of steel. If this world trend should hold 

800,000 containi¢ 


200.000 


America, tons of chromite 


approximately tons of chromium me 4 


would be required for a single vear of capac 
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steel production in the United States This is 
ilmost 50° more than our record importations in 
1937, and nearly three times as much as the total 
\‘nited States mines’ production of chromite sines 
Large contracts have been let to 
South Africa, Rho 


the beginning. 
producers in our usual sources 
desia and the Philippines 


but available bottoms are 


bordet it 


sa low grade ore which can be con 
centrated by known methods to a usable grad 
Exploitation in a large way is now being actively 
prosecuted by private firms 

hus, while the situation in chromium might 
become serious, the general impression seems to be 


that we can probably “live 


off our fat” until local sup 





becoming searcer, and those 
ships which do ply are carry- 
ng more lucrative cargo. It 


results that we are at the 
as 


suming slightly more than 
we are receiving. ‘There is W. 
considerably more than a 
vear’s supply of chromite 
on hand. 

Statistics on actual con- 
sumption are somewhat mud- 
died by the fact that there 


ire three types of ores for vartous essential metals. This 


mported and required; the 
nost important one, metal- 
urgical ore, should contain a 
high proportion of chromium 
n relation to iron in the ore 


n order to smelt it economi 





IRIOR toa talk on Strategic Metals 
before the Canton-Massillon ¢ hap- 
resent time probably con- ter & on January 
interviewed various members of 
fverell Harriman’s staff of 
specialists in Washington (Mr. 
Harriman being Commissioner for 'ntil 
Industrial Materials in the Office of 
Production Management) and was 
per mitted to read vear-end statements 


about the ex pected supply and demand 


enabled him to get a clear and up-to- 
date view of the situation: however 
the wording of this article is the 
Editor's and it must not be viewed 


as an official statement 


plies are ready 

Copper: While copper ts 
not listed as either a strategic 
or critical metal, i ois an 
16, the Editor essential of cartridge brass 
70 copper, 30 zine) and 
of course in the manutacture 
of all electrical equipment 
a shortage developed 
by record sales in September 
1940 no concern was. felt, 
since the United States is the 
leading copper producer, with 
output normally equaling 
two out of the three next 
important producers, namely 
Africa, Chile and Canada. We 
also can easily produce 
DOO.000 tons of secondary 


metal annually, and normally 








cally into ferrochromium 
Perhaps 49° of the chromite 

re is now smelted Forty pel cent ol the 
chromite is used for refractory brick and cement, 
ind in this ore considerable of the chromium can 
he replaced either by iron or aluminum. The last 


s “chemical ore” which contains 45 to 50 chro 


um and comprises about 15 of the imports 
In the last decade our metallurgical ore has 
ome chiefly from Rhodesia, Turkey and New 
iledonia (near Australia), all sources now cithe 
iccessible or requiring long ocean voyages. Now 
he important suppliers of refractory chromite are 


he Philippines (which has achieved this status in 


he last live years), Cuba, and Greece. The forme! 
have large reserves; Cuba probably could sup 
y a great part of the American requirements, 
en time to expand mining operations 
Domestic chromite comes from hundreds of 
all mines, most of them in the Coast Range 
Vorked during the last war, they produced about 
000 tons of chromite at prices ranging up to 6¢ 
lb. of chromium oxide, an inflated price con 
ring the current 2¢ quotation. With the gen 


nr 
i! development of motor transport these small 
spects will doubtless be more prolific in a new 
but the most hopeful development comes from 
he Geological Survey and Bureau of Mines. By 
nching and diamond drilling a very extensive 
neralized zone has been blocked out in th 


saroka Mountains along the Montana-Wyoming 
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export much copper in fin 
ished form. These enormous 
resources, together with ample supplies from Chile 
ind Peru, provide for everything but very tempo 
rary shortages, vet in order to avoid even this, 
the Metals Reserve Corp. is to acquire a revolving 
stock of spot copper The daily press reported on 
eb. 2 that the second purchase of 100,000 tons of 
South American copper had been made 
Magnesium also is not listed either as strategi 
or critical, probably because the 12,000,000-Ib. pet 
vear capacily ol the Midland, Mich plant ot Dow 
Chemical Co. is ample to supply the current 
Additional 


onstruction at Freeport, Texas, to 


demands ot the atreratt) industry 
plant is unde 
produce magnesium from salts dissolved in sea 
water: it will start late in the summer of 1941, and 
will approximately double present capacity len 
lative arrangements are being made to add another 
10,000,000 Ib. per year to our ingot capacity in 
1942 Expansion of rolling and extrusion plant 
for this added ingot metal will be necessary. Most 
of the magnesium will be consumed as castings 
ind in view of the specialized foundry practice 
required, more foundry capacity and. skilled 
foundrymen will be needed 

Manganese is a strategic metal, very much a 
strategic metal, but the situation concerning spot 


supplies is easier now than it was, Sav SIX or seven 


vears ago American interests, in common with 


thos in other steel producing countries have 














accumulated large reserves; privately held stocks 
at present are approximately one year’s require- 
ment for the U. S. steel industry at maximum 
capacity, or well over a million tons of ferro grade 
ore (48° manganese or better). In peaceful times 
we would expect to get about one third of our 
annual requirements from Russia, but this source 
is not now available. Other large sources of sup- 
ply are the Gold Coast, India, and Brazil. Imports 
from Brazil can be largely increased over the nor- 
mal 250,000 tons per year, principally by improve- 
ment of transportation facilities to ports. The best 
source of immediate and nearby manganese ore, 
however, is Cuba, where exists an enormous 
deposit of oxide ores containing 138 to 18° Mn. 
After many years of development, the owning com- 
pany -——a subsidiary of the Freeport Sulphur Co. 
has perfected the flotation and nodulizing proc- 
ess to where it is currently producing 50° concen- 
trate at the rate of 130,000 tons annually. Metals 
Reserve Co. has guaranteed consumption of this 
amount for a period of years, and the output could 
be readily increased from the steam shovel pits, 
now that precise methods have been developed for 
beneficiation using simple and well-known equip- 
ment. Likewise production of manganese carbon- 
alte ore from the upper levels of the Butte copper 
mines has again been resumed; these ores are con- 
centrated by flotation and roasted to a 60 con- 
centrate. Metals Reserve Co. has contracted with 
this source for 100,000 tons annually for five years. 
It results that we have at present about 22 
months’ supply of manganese in sight for the 
American steel industry, operating at capacity, and 
with unrestricted consumption. This could be 
extended to 30 months with moderate restrictions. 
During the last war the normal price of ore 
(approximately $20 per ton) went up to a peak of 
$60, and a generally high price brought out about 
675,000 net tons of a fairly low grade ore (consid- 
erably less than the 48° Mn content in the aver- 
age import). This production, however, dropped 
off immediately foreign resources were again avail- 
able. A recent survey by the United States Geo- 
logical Survey and the Bureau of Mines listed 1300 
known small deposits in the West and South, of 
which 47 warranted exploratory work. It is also 
estimated that these mines could produce about 
315 million tons of ferro grade ore if $50 per ton 
were to be paid. As a result of these surveys, four 
or five mines in the Appalachian region and in New 
Mexico have been awarded contracts by Metals 
Reserve Co. to contribute to the Government stock- 
pile at prices calculated to enable these properties 
to operate. 
The United States also has enormous deposits 
of manganiferous iron ore. For instance, there 
g¢ 


are many million tons of 9% manganese ore in 


the Cuyuna iron range in Minnesota, and about 





100,000,000 tons of nodular material containin 
16° Mn and 11% Fe near Chamberlain, S. Dak. 

A committee of technologists is cooperatir 
with the Bureau of Mines in a $2,000,000 study « 
the problem in laboratory and pilot plant to dete 
mine which of the three or four plans of recove 
ing manganese from these low grade ores can be 
be operated commercially. One was describe 
briefly in Metat ProGress for December 1940 and 
contemplates matte smelting with pyrite or si 
phur, and roasting the high manganese matte to 4 
ferro grade ore. Other plans contemplate the ma 
ufacture of steel from these ores and the recovery 
of the manganese from high manganese slag. Stil! 
another subjects the ore to an oxidizing roast and 


leaches out the manganese as sulphate from whi 
solution it is precipitated. (Electrolytic mang 

nese from ore leachings is not competitive with 
furnace smelted ferromanganese; electrolytic man- 
ganese is certainly a meritorious product, but in 
the present state of its development it makes prac- 
tically pure manganese at a cost on the order of 
25¢ a lb., and in quantities on the order of on 
ton a day.) 

In summary, it may be said that we have 
approximately two years’ visible supply of essen- 
tial manganese if all sea lanes were closed except 
to Cuba, and as long as the sea lanes are open, 
current deliveries to industry and Government 
stock-pile are at a higher rate than day-to-day 
consumption. 

Mercury is listed as a strategic metal, althoug! 
possibly “critical” would be a better classification 
as it is one rare metal which America was 70 years 
ago leading in production; likewise our present 
resources are ample for our own uses. In the past 
American consumption has paralleled rather closely) 
the selling price; since 1913 we have produced 65 
of our own requirements despite competition fron 
high grade, low cost mines in Spain and Italy. 

Our annual requirements in good times would 
be on the order of 28,000 flasks of 76 lb. mercury 
each. The normal price might be quoted as $1 pe! 
lb. What with the Spanish civil war and the mor 
recent closing of shipments from the Medite! 
ranean, imports declined since 1936 and_ practi 
cally stopped a year ago. This sharp decline was 
abetted by the Italian and Spanish cartel whic! 
doubled the price to us. In fact, the price wen! 
as high as $3 per lb. by mid-1940, and this brough! 
out high American production, October bein 
the rate of 438,000 flasks per year. Prices the! 
naturally declined, and now are nearer $2 per |b 
which will probably bring out all the mer 
necessary. 

While there are 107 producing mines in th 
United States, three or four large ones in Cal) 0! 
nia and Oregon produce most of the mer: 
Good ore contains about 6 lb. of mercury per 
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Lave 


cept 
pe n 
nent 


day 


the marginal production comes from mines which 
have about 3 lb. of mercury per ton of ore, or less 
The mineral is the sulphide cinnabar; sulphur 
roasts off on gentle heating, the mercury volatilizes, 
and is collected in cooling towers and vapor pre 
cipitators. 

Mexico has produced perhaps 7000 flasks of 
mercury per year over a period of years, from a 
mine which ships to Los Angeles for treatment 
This ore also contains antimony as a valuabk 
by-product. 

Three quarters of the mercury produced is 
used in chemical compounds, the most important 
military use being fulminate for the detonation of 
high explosives; there is no known. substitut 
although means for economizing on it are prac 
tised. The most important mechanical use is in 
electrical goods, such as rectifiers and switching 
devices. Consumption in mercury vapor lamps is 
now being largely increased by the widespread 
popularity of the new fluorescent tubes 

Nickel is listed as a strategic material. While 
there are no producing mines within the United 
States, from 80 to 90 of the world’s production 
comes from the Canadian mines of the Inte 
national Nickel Co. of Canada. The United States 
normally imports about half this, and since none 
of the Continental powers are able to draw upon 
the Canadian supply for their customary amounts, 
i comfortable surplus for the British and Ameri- 
can metallurgical industry should always be avail 
able Some American steel makers have’ been 
unable to secure more than two or three weeks’ 
supply in advance, but this is probably due more 
to strict control by the British government than 
to any present or anticipated shortage. 

Platinum is now listed as a critical metal 
During the World War of 1914-18 it was a most 
strategic metal, and in fact a war reserve stock of 
27,000 ounces was accumulated at that time, and 
during the intervening years this had the distine- 
tion of being the only reserve supply of essential 
metal other than gold and silver in the hands ol 
the Government. Meantime the source has com 
pletely changed, Canada now being the principal 
producer as a byproduct of the nickel industry 
\dequate supplies should therefore be readily 
ivailable. Add to this the fact that Alaska has 
become an important producer since 1938, place! 
mining at Good News Bay accounting for 66,000 
ounces in 1938 and 1939. It is also likely that all 
‘quirements could be appropriated from second- 
‘ry production if necessary, since the normal 


recovery is 50,000 ounces per veal Inasmuch as 


90") of our annual consumption usually goes into 
ewelry, we would have no difficulty in finding 
enough for necessary chemical catalysts, platinum 
tensils, and platinum lined equipment 


Steel is classed neither as a strategic nor a 
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critical metal, although both of these adjectives 
apply in an every-day sense. Our country should 
be more or less at ease as fat as our essential mill 
tary requirements are concerned, since we now 
have a capacity to produce more than 84,000,000 
short tons of steel ingots and castings out of a 
What portion 


f this 84,000,000 tons will be needed for war. if 


total world capacity of 190,000,000 


worst comes to worst, is somewhat problematic, 
but may be gaged by the fact that Great Britain is 
now tunporting steel at the rate of about 7,000,000 
tons annually to supplement its own production of 
15.000.000 tons This total of 8.000.000) tons 
might indicate that one quarter of our total steel 
capacity would have to be allocated to munitions, 
leaving 60 million tons of ingot capacity, more ol 
less, for domestic consumption, which would there 
fore probably not need to be Sharply restricted 

rr. W. Lippert comes to the same conclusion 
in an extended analysis published in The Iron Age 
for Jan. 23, 1941 


consumption ino principal industries, and apprais 


Examining accurate statistics of 


ing likely demands and possible capacity to fabri 
cate and consume, he concludes that in 1942 we 
will be using at the rate of 37,000,000 tons of fin 
ished steel for civilian needs and for ship-building 
and transportation, and 15,000,000 tons for export 
and defense program Assuming 70 vield, ingot 
to finished articles, and steel mill operations at 
40 capacity, this figures to a required capacity 
of 82,500,000 tons by 1942, which we already have 
surpassed 

One bottleneck (production of highest grade 
alloy steel for aircraft and other military require 
ments) has been narrowly averted by the con 
struction of 21 new electric steel furnaces during 
1940, raising the annual capacity of the country 
from 1,800,000 tons to about 2,800,000 tons SsevV- 
eral other furnaces are under order, and the capac 
itv by mid-1941 will be 3,000,000 tons plus 

\ similar situation existed in the manutacture 
of heavy forgings, such as propeller shafts for 
steamships This shortage in capacity was also 
anticipated, and 14 forge companies. started 
expanding their capacity some time ago at a cost 


of about $40,000,000 These new facilities will 














come into operation at a rate to meet the needs 

Another difficulty exists in the production of 
extra wide plate for naval use. Only the 206-in. 
plate mill of Lukens Steel Co. is able to roll plates 
wider than 160 in. Auxiliary facilities are now 
being rapidly installed to permit full capacity of 
this rolling mill, and by summer of 1941 a 1o0 
increase in tonnage is to be expected. 

Careful studies have also been made of the 
producing capacity for armor, ranging all the way 
from heavy forged armor for battleships to light 
rolled casehardened armor for aircraft, and fur- 
nace and heat treating capacity is being installed 
at a number of plants to keep in step with expected 
requirements 

Tin is indeed a strategic metal. Even though 
its direct use for munitions is minor, the Army 
lives largely on its stomach, and its stomach is 
largely provided with food from tin cans. In round 
numbers the United States requires 75,000 tons of 
new tin each prosperous year and recovers 25,000 
tons of secondary tin from serap. Approximately 
one half of this 100,000 tons of tin is used for tin- 
plate, one third the remainder for solder, another 
third for bearings and bronzes, and a similar por- 
tion for tubes, foil and miscellaneous uses 

About 10 
ture finds its way into tinplate scrap from which 


of the tinplate tor can manutac- 


nearly all of the tin is recovered by the detinning 
process. However, the cost of collecting and clean- 
ing tin cans is so great that no tin has been recov- 
ered trom them. In the light of what will be said 
hereafter, the interest in substitutes for tin cans is 
understandable, but some variety of coating on 
black plate must be the basis of all substitutions 
for tin can food containers, else there will) be 
deplorable delays and expense in providing new 
filling and closing equipment at the canneries. 
Although electrolytic tin coating saves perhaps one 
third to one quarter of the tin used in the hot dip 
process, there is as yet no substitute for the latter 


as tar as the “wet food pack” is concerned, and this 
consumes approximately nine of the 15 billion cans 
made by us every year 

There are no producing tin’ mines on_ the 
North American continent, and rather intensive 
search has tailed to develop any interesting pros- 
pects. Nearly all of our tin comes from Federated 
Malaya States near Singapore and the Netherlands 
East Indies. In view of our utter dependence upon 
long ocean shipments, the Metals Reserve Co 
announced on July 1, 1940 that it would purchase 
79,000 tons of tin at 50¢ a Ib. a price designed to 
stimulate production. However, this stock-pile 
grows very slowly (although private stocks appar- 
ently are now growing rapidly, and it is estimated 
that we have at present 12 to 15 months’ supply 
of tin in sight in the United States) 

On Nov. 4, 190 the Metals Reserve Co. also 





contracted with Bolivian producers for 18,000 to os 
of tin per year for five vears in the form of ¢ 
centrates containing not less than 18% tin. T! js 
comprises approximately one half of the Boliy 
output, the remainder being under the control 
the Patino interests and a ten-vear contract to s 
to Great Britain for refining Bolivian ore is 
already arriving in the United States, andy 
await refining. The Reconstruction Finance Corp 
has promised to finance the necessary sme! 
costing $1,500,000 more or less, but the deal has 
not vet been arranged. 

Since it will take at least six and more likely 
nine months to build the smelter and refinery afte: 
ground has been broken, and our present imports 
might suddenly be stopped, it is readily seen that 
the United States can go from a comfortable posi 
tion to a great stringency very easily and quick!) 

In the event that shipments from Singapor 
are cut off, it is possible that the Patino ore could 
not get from Bolivia to Great Britain nearly as 
easily as it could reach America. Under those cir 
cumstances the import of all Bolivian ore would 
give us nearly half of our requirements for n 
tin. Sharp restriction of unnecessary uses woul 
then help to eke out as long as we had contro! 
the Bolivian output and intervening transportation 

Bolivian ore comes from the mountainous ce 
ter of South America, far above the timber link 
All the ore comes trom underground mines, an 
is concentrated to separate the gangue from 
“tinstone” or cassiterite, tin oxide. Untortunat 
these concentrates contain considerable sulphide 
together with percentages of numerous othe 
metals, so that it is not an easy ore to smelt— 
fact, British smelters mix Bolivian with pure! 
ore before treatment. Fortunately we had enoug! 
experience with it during the last war to discove! 
how it could be done; the Maurer, N. J., plant ot 
the American Smelting and Refining Co. produced 
upwards of 100,000 tons of tin by reverberatory 
smelting to an impure metal which was cast int 
cathodes and refined electrolytically in a sulphate 
bath, using methods and equipment quite simila 
to those for refining copper. The result was 99.5 
metallic tin. This plant and another in the United 
States had to close shortly after the War becaust 
no steady supply of tin ore was available, nor could 
they compete with the foreign smelters whic! 
reduced their treatment charges to a minimut 

Tungsten is a strategic metal, presum ly 
somewhat less strategic than during the w 
1914-18 because at that time a tremendous det 
for 18-4-1 high speed steel tools existed, wh is 
we have learned how to substitute satisfact 
plentiful American molybdenum for most 
tungsten. For many years past China has 
the largest producer of tungsten ore, but 


(Continued on page 228 
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Bix different standardized compositions 


(copper, copper-zince, copper-aluminum and 


denser tubes by The American Brass Co. Three 


different processes, two of 
nally pioneered by the com- 
pany or its predecessors, are 
utilized. The one to be pic- 
tured here is applicable to 
tubes requiring the utmost 
of durability, corrosion 
resistance, physical perfec- 
tion and surface condition, 
namely the alloys containing 
30° nickel, and the high 


brass having 2% aluminum. 


NOTHING but” virgin 
metal and own scrap from 
the tube mill goes into the 
furnace. Cathode clippings 
of copper or zinc, ingot alu- 
minum or nickel, precisely 


weighed quantities of minor 





which 





were origi- take about 700 Ib. of such a charge. 
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loaded 


constituents 


into 


by electric currents induced in the metal, eacl 


v-) 
O) a 





assembled 
Ajax-Wyat! 


copper-nickel) are manufactured into con furnaces, which melt and superheat the alloy 








IN ABOUT AN HowR the charge is prop 
erly melted and alloved. Electrical input 
is reduced and the furnace picked up bod 
ly and transferred to the casting floor. 
vhere it comes to rest alongside a row ot 
“cannon” molds, so called for their resem 
blance to Civil War ordnance. These round 
nolds, set vertically, have a “runner box” 
rv pouring basin set on top which breaks 
p the rush of metal from the pouring lip 
ff the furnace into a dozen small streams 
tiling straight down without hitting the 
de walls. The workman keeps back the 
rotective charcoal, floating on the charge 
side the furnace, with a skimmer of wood 
r metal. One mold takes about half the 
irnace charge; toward the end, the pour 
gradually checked so the shrinkage cay 
naturally forming in the top of the ingot 
i be properly fed. At this time a small 


unple called a “button” is also taken for 


hemical analysis of the heat and _ final 


heck on composition. 
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(LereR THE INGOT has solidified, the mold is tilted 


m its trunnions and the round bar pulled out 


Despite careful preparation of mold walls, and us¢ 
if appropriate washes or coatings, the cast surface 
ontains too many irregularities and imperfections 
so it is put into a heavy lathe and some 20 Ib. of 


metal turned off. These cleaned or scalped rounds 


ire then cut into billets in a high speed saw so cach 


piece contains enough metal to form tubes of diam 


eter, wall thickness and length to order. Porous 


metal from the top of the casting is eliminated 
this point. 


The next operations, piercing and extrusion, are 


done on hot metal, so first the billets must roll 


through a continuous furnace, passing from cold end 
to hot at a deliberate speed and emerging one at 
time. 


al 
Finishing temperatures vary with the alloy 
ind billet size, but in any event are controlled auto 


matically and continuously by modern pyrometry, 


and the atmosphere adjusted to avoid damage to thy 


carefully cleaned surface. 
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PIERCING AND EXTRUSION are done in a single piercer. This piercer, which may be 1°, in. di 


powerful hydraulic press. The hot billet, say o in eter, is then foreed down through the hot 
diameter and 7 in. long, is placed in the con let, and its round end pushes out a core of 
tainer on the base of the press, and a ram of » metal through a die in the base of the press. 
in. diameter is lowered to close the top of the ring now have a 5X /7-in. billet with a 1°,-in. hole 
or chamber and hold the billet solidly. This ram the center occupied by the steel piercing rod. 
consists of an outer sleeve and a central rod o1 The piercing rod remains in place during 


Vetal Progress: Page 186 

















ext step, extrusion, and thus forms an inne! 


lie or plug to regulate the inside diameter of the 


tube which is to be formed. The above-mentioned 
hole in the base of the press, as a matter of fact, 
s somewhat larger than the piercing rod, being say 
2 in. diameter, and is actually the die that is to 
shape the ouler surface of the tube. The tube is 
ow formed by “extruding” the hot metal through 
he annular space by several hundred tons pres- 
sure on the upper surface of the pierced billet, this 
pressure being transmitted by the outer sleeve. In 
effect, the top of the chamber full of metal is 
pushed down so strongly that the hot plastic metal 
lows out through the annular hole in the bottom 
nto a tube say 1°, In. inside, ‘2 in. wall thickness, 
ind 3 ft. long. Remnant of metal in the ring o1 
chamber is sheared free below the die, and the die 
ind butt serap are pushed out, clearing the press 


for another cycle of operations. 


EXTRUDED TUBES are straightened, ends 
rimmed with abrasive disks, ground outside, and 
ire then ready for further reduction. The tube 
educer pictured below looks familiar, but the 
roll housings have an unusual reciprocating 
notion and the grooved rolls themselves are 
tapered or cam shaped. The tube itself is pushed 


forward slightly, each time in step with the roll 


movements, and also turned slightly when free 
after each back stroke. Inside the tube is a tapered 
mandrel, and the action of the rolls is to 


“iron” the metal gradually along the mandrel 


each time the housing is drawn backward This 
machine gives a 70 reduction; the 1°, > in 
extruded tube will emerge 1 in. inside diameter 


0.16 in. wall thickness, 10 ft. long 























WHILE ANNEALING is done 
carefully controlled atmosphe: 
true scale-free “bright anne 
ing” of many copper alloys 
uncommercial. However, sin 
these copper-nickel and copp« 
zinc-aluminum tubes resist ¢ 
rosion by virtue of a high 
resistant film of metallic cor 
pounds, it is important that 
annealing operation avoid the 
formation, else the tubes wou 
be very difficult to clean in tl 


pickling bath. 


Extruded, rolled and annealed tubes are further reduced to correct size and 
wall thickness in conventional draw benches, whose construction and operation 


are too well known to need description here. If many draws are necessary before 


reaching final size, intermediate annealings and picklings will be necessary 














SCHEDULE of draw-bench reductions and annealings is adjusted so that the 
last draw gives the tube its desired strength as well as final dimension. Internal 


stresses set up by this final draw make the tube liable to “season cracking” o1 


lengthwise splitting in certain corrosive situa- 
tions, so the tubes are treated at low tempera 
ture one by one in a Snead electrical anneale 
Ends of the tube are gripped by terminals, and 
a current passed through; the tube is heated by 
its resistance; it also expands and the current 
is automatically switched off when it lengthens 


a predetermined amount 


INSPECTIONS are many, searching, and vari 
ous. Chemical analyses are frequent. Working 
and annealing schedules are controlled by the 
microscopic grain size. Each tube is given a 
hydrostatic test for stress strength and an ait 
lest for tightness. Innumerable stub ends are 
expanded, flattened and bent to prove “that the 
metal can take it”. Straightness is tested after 
machine straightening and hand whipping by a 
Skilled operator. Length must be correct, and 
diameters and walls are micrometered. Visual 
Inspection for slivers. scale ol scratches, both 


inside and out. finally approves the product for 


shi Mmment S 
| S 
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emarks 
on welding, 


as it is done 


s HERE ARE MANY of us youngsters who 


can vet recall the time when we watched with 
awe and admiration some burly chap who 
pumped the bellows, heated the bars to spar- 
kling, hammered and welded and fitted a tire to 
a wagon wheel, or welded a point on a pickaxe, 
and vaguely wondered if we could ever become 
such a magician as this man who played with 
fire and iron and made it do his bidding. 

{t's a long time between then and now. 

fn today’s mad rush to turn out offensive 
and defensive equipment, nearly all the metal 
working industry is developing an orgy of weld- 
ing. Even in Seattle, this non-industrial western 
city, the daily papers carry ads of 16 welding 
shops masquerading as welding schools; some 
of them guarantee “good jobs as expert welders 
after a month’s course”. What would the jour- 
neyman blacksmith of old have thought of these 
“expert welders”? He would undoubtedly have 
a good word for them, but it couldi’t be printed. 

Nevertheless, research has come to the fore 
and demands recognition. It has now been per- 
haps 380 years since the advent of diversified 
welding, such as oxy-acetylene, thermit, atomic 
hydrogen, electric are, and their application to 
fabrication in all industry, regardless of type, 
grade or kind of metals. Industry welcomed 
the advent of electric arc welding for two main 
reasous: First, it is far more rapid than rivet 
ing, and second, it has greatly reduced produc 


tion costs. It is always good business to reduce 





By James R Avis 
Consulting Metallurgical Engineer 


Seattle. Wash 


fabrication costs, but it is always 


better business to be certain tl 
there exist no attendant hazare 


Probably the most used ty 


of welding today is metallic a 


welding, in which process an a 
is struck between the work (par- 
ent metal) and a wire electrode 
In principle, the work is_ short 
circuited with the electrode at 
moderate voltage and high 
amperage, producing heat of suf- 
ficient intensity not only to melt 
the metallic electrode but to bring 
to fusion the parent metal that is 
immediately adjacent to the 
deposited metal. The deposited 
metal then cannot be described in 
any other terms than that it is a strip, layer or 
bead of cast metal —- an idea well recognized by 
welding engineers in grouping are welding, oxy- 
acetylene and atomic hydrogen together unde 
the term “fusion welding”. 

Now there is a clear tendency, observable 
by anyone who reads current literature of a 
semi-technical nature and who attends some 
technical or engineering meetings where the 
subject of welding is being discussed, to ignore 
the fact that a fusion weld is essentially a fusion 
weld. Statements have even been widely broad- 
cast by responsible factors in the are welding 
industry that if anything is found wrong in a 
welded joint, it is much more likely to arise 
from imperfections in the metal being joined 
than in the joint itself. Such a statement ignores 
the self-evident fact that most of the material 


welded is steel in a fairly highly fabricated 
form and its very existence precludes. the 
possibility of serious defects: drawn seamless 
tubes, for instance, simply would not. arriv 
at the weldor’s bench in one piece if not ma 

from sound metal by carefully planned 


manufacturing operations. 
I have only respect and homage to offer | 


man or men who first conceived and dem 


strated metallic are welding, for it was inde 
a boon to industry, having almost countless 
applications where it is both a time and mot 
saving process and also entirely devoid of a 


hazards. (By “hazards” | mean danger to | 
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ind property.) It is therefore unfortunate 


ind indeed regrettable that so many able men 
onnected with the welding industry com- 
pletely ignore all matters relative to the 
langers of welding when they appear in pub- 
lic or write for publication. They give minute 
lescriptions of materials, equipment and 
pperating procedure and, if necessary, prac- 
tical demonstrations, vet they withhold vital 
nformation about major accidents that have 
occurred by a misuse of the process infor- 
nation that might scare some cautious souls 
iway from welding, it is true, but also infor- 
ration that would enable intelligent men to 


oid 


lt is all the more necessary to caution 


great grief at some later date. 


se production men (men expected to 
educe fabricating costs and increase profits) 
o are devoid of engineering training, 
Wledge of testing materials, or the science 
physical metallurgy. They have seen, as 
ve all of us, tensile tests of welded joints 
hich break ', to *,; in. distant from the weld 
id. Rarely do such specimens break in the 
ld. tis but natural that the weldor, seeing 
s specimen break outside the weld, believes 
weld to be stronger than the parent metal 
s idea is broadcast and believed, just as 
foolish idea that vibration will ervstal 
ind embrittle. 
Welding is looked upon by many as just 
of the numerous operations daily pet 
med in industry. This is borne out in an 
cle by James EF. Lincorn entitled “No 
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Exterior View (Nearly Full Size) of Lug Fired 
fo 1%\-lIn. Tubing by Good Looking Weld 


Mystery in Are Welding”, published 
last April in Merar ProGress. I quite 
agree with Mr. Lincoun that it 
requires no super-intelligence to 
make are welds; I have proved that 
by making a number myself which 
have been pronounced “good look 
ing” by weldors llowever, | doubt 
if there lives a man who can make 
a visual Inspection of a weld and 
know whether it is sound, or 
whether there are so many internal 
stresses set up by the process of 
welding that the piece will crack the 
first heavy blow it receives 

Probably | would not be justi 
fied in resurrecting this article from 
last April's issue, since it was ade 
quately answered by W. J. CHarrer (an executive 
in the welding industry) in a special letter to 
Merrat PRoGress published in August and entitled 
“Arc Weldors Must Be Qualified” as indeed 
they must — except that a rejoinder to Mr. Catarrert 
was printed in September from the pen of A. F 
Davis, one of Mr. LINcoin’s associates. 

Mr. Davis complains that “Many rules, codes, 
and the like are unduly restrictive, and what is 
permitted in one code is restricted or forbidden in 
another.” The answer to this is that those who 


write the restrictive codes actually have some 


Saw Cat Through Lug, Weld and Tube, Showing Lack of Pene 
fration to Root of Joint and Porosity Nol polished or etched 































definite information regarding welding as tt ts 
done in the shop or field. All disappointments 
are not alike; hence the variations in precau- 
tionary measures. Further quoting: “We are 
not in any way trving to cast a reflection on the 
weldor, as has been implied.” To that | would 
rejoin that the code restrictions do not reflect on 
the workman as much as the process or the way 
it is applied practically. IL have invariably 


found the weldor honest, sincere, believing in 


Cap Between luo, 
Normatized X4130 Tube 


Forged X4130 Lug+ , -Decerbyrized Area 
1 ~ 4 <a of Tube 


>< 
Penetration of 
Fusion Heat 


2 al Penetration 
Cast Steel, an of Fusion Heat 
Weld Bead ~ aX 





Macrostructure (10 Diameters, Oblique Illu- 
mination) of Weld Near Junction, Showing 
Cavities and Variations in Crystallinity 


himself and his work, and desirous only of 
making an honest living. Where much trouble 
hinges is that he has not been given all the 
information necessary, nor directed with the 
proper skill. 

* . * 

This somewhat acidulous preamble was 
induced by the examination of the welds 
between a forged lug and seamless alloy steel 
tubing. Both were made of chromium-molyb- 
denum steel S.A.E. \4130. The weld rod was 
a flux dipped type (not fully shielded) made of 
plain carbon steel, carbon about 0.15%. The 
weldor was a man with ten years’ experience 
on this type of work, of tested ability, consid- 
ered “an expert”. I have reason to believe that 
the result would be classed as good work, in fact, 
far better than that produced in many places 
where welding has recently been embraced as a 
“modern manufacturing operation”. 

But let us see what happens when we weld 
such a steel as S.A.E. X4130. It is one alloy 


especially recommended for welding and _ its 
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composition falls within the following range: 


Carbon 0.25 to 0.35° 
Manganese 0.40 to 0.60 
Chromium 0.80 to 1.10 
Molybdenum 0.15 to 0.25 


This is indeed a master steel, being used 
for much of our finest machinery, aircraft and 
automobiles, and is so flexible or adaptable as 
to be safely used in five distinctly different 
physical conditions, namely: 


Annealed, with ultimate 


strength of 80 to 90,000 psi 
Normalized 90 to 115,000 
Oil quenched and drawn from 

1140° F. 125 to 145,000 
Oil quenched and drawn from 

970° F. 150 to 170,000 


Oil quenched and drawn from 
760° F. 180 to 205,000 

It is difficult to name a steel that can be 
so universally used with such satisfaction, 
unless we add another, chrome-vanadium 
S.A.E. 6135, that every metallurgist in the 
world can well be proud of. 

Much steel of the type of N4130 is 
welded, some of it being welded with weld 
rods of the classic composition of baling 
wire, others of medium carbon, some 
alloyed; they are either plain (bare wires), 
flux coated, or shielded arc electrodes. Their 
composition or coated or non-coated condi 
tions are not going to be considered in this 
article, nor the differences between the 

fusion welding processes used for such steels, 
whether arc welding, oxy-acetylene welding, or 
the atomic hydrogen process. 

If we wish to forge \4130 we find that the 
recommended range is 2100 down to 1800° F.; 
it is never necessary to exceed 2200" F., and in 
fact if this is done and the inspector knows it, 
you will have a lot of rejects on your hands, 
suspected of “burned” metal. (Admitted tha! 
the dime in a forge furnace is long.) 

However, when we short circuit a piece of 
this steel with a welding rod. we do two things 
We melt the welding rod and we bring the 
parent metal nearby to its fusion temperature 
which is certainly considerably higher than th« 
maximum acceptable forging temperature 
Cooling of this steel after forging should b 
slow, but cooling after welding is a neal 
quench, due to the absorption of heat by th 
cold metal surrounding. When welding is ove 
and the welded member has cooled to roon 
temperature, we have two major conditions 


namely a strip of metal (the bead) which i 














and the heated 


sleel, 


yone of the parent metal whose crys- 


casl 


simply 


ilographic structure has undergone 
» complete metamorphosis, this lat 


er gradually merging into the nor- 


> 


nal structure of the parent metal. 
That nearby portion which was 
reated above 1445° F., the upper 
ritical temperature, transformed 


nto austenite, and on cooling it 


e-transformed into one of several 


microstructures dependent on its 


‘rain size and cooling rate. 


omplicated situation may be under- 
of the 
“S” curve developed by the research 
staff of the U.S. Steel Corp. and pub 
Meral 
185 of last October's 


stood from an intent study 


lished as a data sheet in 


PROGRESS, page 


\nnual Reference Issue.) 


Even the matter of composition 


s important. 


\ elding rod we 



























When we melted our 


certainly had to 


(This 





Parallel-Sided Cut Has Removed Slice 


Through Joined Parts; the 


%. 27000 119000 91,000 Sample Polished and Etched Clearly Shows Heat Effect on Tube 
— and Forging and Coarse-Grained Cast Structure of the Weld Bead 
” “\ Seamless 
‘ rama Drow 

52060 119 000 ¥4130 reach a temperature of 2800° | Lhere is entrapped in the 
y Normalized weld metal, due to the surge of the are, atmospheric oxyvuen 
113,009 = and nitrogen, the latter of which is highly conducive to the 
formation of iron nitride, a compound that hardens and embrittles 
steel. When the weld metal freezes, we also have, as in any cast 
118. OOO< ing or ingot, primary crystallization, much of which follows the 
Widmanstitten pattern. This means a coarse-grained metal, defi 
“~ forged cient in ductility. Lacking the ability to roll or forge this metal, 
4s Welded 441350 only a thorough annealing can make any improvement in this cast 
structure, and even such a procedure does not place the weld metal 
in a physical condition comparable to that of the parent metal. As 
BEC 4000 131,000 133,000 a matter of fact, many welded assemblies are used as welded; neces 
> ra a sarily, there remains an internal structure, highly stressed. (“Stress 
= relief” is a much-abused term, most often used unthinkingly, for the 
4 et 146,000 temperature recommended does not exceed 1200° F. Furthermore, 
ones the shape and size of many welded members will not permit even 
‘ the low temperature of 1200° F. without disqualifying distortion.) 
77 148,000 We have now welded a forged lug of S.A.E. \4150 to a seamless 
drawn tube of the same material; the lug was in the “as-forged” 
condition and the tube had been normalized, that is, heated to 

1650° F. and cooled in still air. 
We split the tube by sawing and photograph one half of it 

—V 


’ Quenched from 1580°F Drawn 1140°%F 


rdness Survey Indicates Wide 
@ Of Tensile Strengths (and 
rentially Ductility) in Joint, Both 
iffer Heat Treatment 


re and 


(See the first two engravings; page 191.) From the exterior 


evervthing looks fine; the view of the saw cut surface gives us 


pause. The weld did not root clear through to the back of the 
lug right there is a sharp notch, a concealed crack. Likewis« 


no eagle eve 1S needed lo sec thre imple evide nces of porosity 
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within the bead. Yet this welding was done 
with materials beyond criticism, by an expert 
weldor, with good equipment, at leisure in a 


' [It was a “good looking” weld! 
Pe] Pe 


first-class shop 

We take the other half of the sample and 
saw again through it, carefully removing a sec- 
tion 1, in. thick. This is placed on a magnetic 
grinder, both faces ground, the last grinding 
operation producing a uniform thickness of 
specimen, throughout the entire length and 
breadth. The tensile strengths of the metal 
may then be determined point to point by con- 
version from Rockwell hardness tests, the 
machine having been checked on a= standard 
test block and found correct. 

But before making these hardness tests we 
polish one surface and etch it with picric acid 
in alcohol, and see what our wonderful little 
microscope has to show us. First note how 
clearly the heat penetration has left its mark 
in changing the structure and etching charac- 
teristics of the metal at the joint. Examined 
under modest magnification, we can easily find 
several zones, and these have been appropri- 
ately marked. Some distance away, within the 
bead, we see something extremely dangerous, 
fully as dangerous as a “pipe” or “lamination” 
in the primary metal, namely a cold shut. To 
those friends who have read thus far, and who 
dismiss this weld as a horrible example not 
indicative of ordinary production, I can only 


say that nearly all the welds that come to my 


attention are parts of machinery or equipment 
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that has failed, and this is the kind of wel 's 
that I see! 

But assume that a perfectly sound we ¢ 
had been made, what about the internal stre ss 
conditions at such a joint? To get some inkl 
a hardness survey was made and the resu (s 
(translated to tensile strengths) are shown py 
the first line drawing. We find in the tube on 
average tensile strength of 90,000 psi. except at 
the heat-affected zone adjacent to the we 
where it has jumped to 127,000. The weld metal 
itself has 62,000 psi. ultimate strength and 1, 
from this and in the welded lug (X4130 steel) 
we have 160,000 psi. To expect a unit built up in 
this manner to withstand reversals of stresses 


is expecting just too much. 


Some of my friends argue against my feel- 
ing that such figures as just quoted are indica- 
However, they 
{ 


tions of high internal stresses. 


agree that such stresses can be reduced by he 


treatment, so suppose we quench and temper! 
the piece and repeat our hardness (strength) 
survey. Such figures are also given in the first 


line drawing where we find a (Cont. on p. 226 
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Photograph, Full Size, of Joint Betu 
Horizontal Piece of 1020 Steel and Ve 
cal Leg of S.A.E. N4130, Using I! 
Carbon Rod for Left Bead and Med 
Carbon Electrode for the Other. \ 
characteristic heat effects and influe 


j heat i strength 
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For some time it has been 
known that a number of trans 


parent materials (particularly 


e 
© .cing the modern plastics) show 


stresses with 


photo-elasticity 


ME. EVER-PRESENT DESIRE to travel 


faster or to create something bigger and bette: 
has stimulated his brain into developing many 
ingenious contrivances. Most of us accept the 
benefits of successful researches and enterprises 
with great pleasure and satisfaction, but few 
people ever stop to consider the efforts which 
have been expended in order to produce the 
many luxuries and conveniences now available 
n everyday life. People in city and rural dis 
tricts alike are continually coming in contact 
ith feats of science and engineering which 
have been accomplished after vears of painstak 
ng research, carried on quietly in the labora 
lory and often behind closed doors. 

Structural and machine design, in common 
vith all other branches of science, have been 
idvanced through discoveries in totally unr 
lated fields of study. When one is thinking 
thout the design of a large dam or a compli 
ited piece of machinery such as an aircraft 
ngie, it may seem rather far-fetched to the 
ininitiated to employ polarized light. However, 
vr determining the stress distribution in com 
plicated forms its application provides a simple 
ind quick method of solving what otherwis« 
vould be very difficult and complicated if not 


mpossible problems. 


peculiar optical properties 
when subjected to stress. This 
phenomenon was first observed 
a little more than 100 vears ago 
in England by Sir Davin 
Brewster, who found that 
stressed glass, when viewed in 
polarized light, showed beaut 
ful colored patterns At that 
time, engineers were not = so 
keenly interested in precise 
stress analyses as they are 
loday and only a very few 
practical applications of — the 
discovery were made prior to 
L900, Hlowever, from. the 
bevinning of this century inter 
est in this optical method of stress analysis, 
generally termed “photo-elasticity’, has 
increased by leaps and bounds. This is due in 
part to the development of better photo-clastt 
materials, but particularly to the recent inven 
lion of “polaroid” which provides a method of 
obtaining large beams of polarized light 

In considering the analvsis of stress ino a 
structure the engineer first thinks of mathe 
Although 


these represent the more usual weapons of 


matical computations and formulae 


ittack, there are many others, and among the 
latter is photo-elasticitv. With this method one 
makes scale models in some suitable trans 
parent material, usually bakelite or celluloid, 
and examines them under load in the polari 
scope fhis immediately indicates the danget 


ous regions of high stress. For those problems 


ui 
involving shapes which cannot be conveniently 
investigated by analytical calculation this opti 
cal method is particularly well adapted; how 
ever it is especially suited to the solution of 
problems in two dimensions and to those three 
dimensional problems which can be simplified 
lo two dimensions. In addition, means are now 
available for its application to many of the 
three-dimensional problems which cannot be 


easily or conveniently simplified. 
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At present the ease 
with which photo- 
elasticity can be 
applied to design prob- 
lems has made it an 
invaluable tool for all 
engineering offices. 
Furthermore, the cost 
of the necessary appa- 


ratus is now low 





enough to allow even 
the smaller organiza- 
tions to install their 
own equipment. The 
first figure shows two 
views of a modern 
tvpe of polariscope 
which can be used for 
examining models up 
to 12in. in diameter. It consists of a light source 
and two mounted polaroid disks between which 
the model is located. The examination is made 
by looking through the disks in the direction of 
the light source. For visual inspection the appa- 
ratus can be used as it stands, and for photo- 
graphic recording it is only necessary to add a 
lens and bellows to form the camera. 

Unfortunately, there are a few misconcep- 
tions as to the merits and limitations of the 
method. There is on one hand the group which 
looks upon it as a cure-all, and on the other 
hand the more conservative element) which 
looks upon it merely as a qualitative aid. 
Neither of these points of view is correct; as 
usual the truth lies somewhere in between. In 
common with other means for finding stress 
distributions, it should be used only upon those 
problems which fall within its limitations, other- 
wise the results are not likely to be satisfactory. 
Undoubtedly, its use on problems to which it is 
inapplicable has already produced disappoint- 
ment and aroused skepticism as to its value. 
However, in the proper place it is an extremely 
valuable and powerful engineering tool, and is 
becoming daily of more importance. 

Although in many cases it is only necessary 
to determine a qualitative result or to locate a 
region of high stress, it is possible to make pre- 
cise determinations of stress and. stress con- 
centration factors with photo-elasticity. An 
application of the method for determining 
quantitative results is shown in Fig. 2. Here 
one sees the stress pattern exhibited by a small 
cantilever beam. The depth is 1.80 in., the thick- 
ness 0.384 in. and the fillet radius at the support 


| a 








In the photograph only the end of th 


is }y in. 
beam next to the support is shown but since this 
! in. of length is the more highly stressed regio 
it is of most interest, particularly since it con- 
tains the part with the change of section. Thy 
load of 70 lb. was applied 8 in. from the sup 
port (off the picture) as shown on the supe 
posed diagram. On the basis that the state of 
stress is indicated by the arrangement of the 
alternate bands of light and shade, a casual! 
inspection of the photograph immediately shows 
a region of high stress at the fillet connecting 
the beam and the support. Wherever there is 
concentration of the lines in any photo-elasti 
model, one knows that it is an indication of 
region of high stress. 

The actual stress values along the edge ol 
the beam are shown in the diagrammatic par! 
of Fig. 2. Both the theoretical results obtained 
from the simple beam formula, f—Me---/, and 
those determined from the photo-elastic anal) 
sis have been plotted. The dotted line repr 
sents the theoretical values of the stress and 
the full line the actual values. It is interesting 
to note that the two curves agree up to th 
region of the fillet where che theoretical analy- 
sis gives an untrue picture of the actual facts 
Although the ratio, length to depth, of the bean 
is considerably below the usual limitation o! 
the beam theory, the agreement between [li 
two curves as far as the fillet confirms the re/ia 
bility of the photo-elastic method and gives on 
confidence in using it where checks are 0 
available. 

In addition to demonstrating the reliab 
of photo-elasticity this example of the cantile 
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in any geometrically similar beam one would just compute 
the maximum stress from the formula and then multiply 
the quantity obtained by 1.61, the stress concentration fac- 
tor, to obtain the true value. Of course, for beams which 
are not geometrically similar to the one illustrated, this 
value of the stress concentration factor will not be appli 
cable. However, it has been found that the stress concen 
tration factor is a function of the fillet radius, the depth of 
the beam, and the depth of the support, and from photo 
elastic analyses of beams of various proportions the values 
have been set up in curves, so that the designer can dete 
mine the proper stress concentration factor for any beam 

See “Photo-Elastic Studies in 

Stress Concentration” by M. M 


Fia. | Side and kind Vie ul ; ‘ ‘ 

of a Large Polariscope. The FrocutT, Mechanical Engineer 
model to be analyzed is ing, Aug. 1936. 

placed on the standard Since actual stress values 


between two polaroid disks 
have already been quoted, the 


reader is probably wondering, 


beam demonstrates its usefulness in determin “What does the photo-elastic picture mean and 
ing the maximum stress value in a region where how does one interpret it?” The meaning is 
computation is difficult or impossible. From quite simple and the interpretation is very easy 
this value of the maximum stress one can com- with a little arithmetic 
pute what is called the “stress concentration The dark bands on 
factor”, which is defined as the maximum true the picture of the model 
stress divided by the maximum apparent stress represent lines of constant 
is computed from the simple theory. For the difference between the \ 
example at hand the maximum stress computed principal stresses, or con f }44 
by the photo-elastic method turns out to be 4350 stant maximum shear | | 
psi. and that determined by the beam formula stress. The change in the 
is 2700. The ratio of these two values gives a difference between the | 
stress concentration factor of 1.61 for this par- principal stresses from | | 3 
ticular case. one line to the next is a 

What is the use of the stress concentration PA 
factor? One sees that in this case the actual — x 
stress is 61° greater than the computed value, -., | LUUY - 
so that in order to find the maximum true stress ~ Darin. Cieatin % 





ig. 2 






Stress Concentrations at the Fixed End 
a Cantilever Beam. The mathematical beam for 
la calls for 2700-psi. stress at this point, whereas 

ne actual maximum stress at the fillet is 4350 psi. 
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constant for a given model (assuming it to be 








boundaries a fortunate condition prevails. H. 











of uniform thickness in the direction of the one of the principal stresses is zero and, « 
path of light) and may be sequently, the differe 
determined by direct cali- between the princi 
: . 500 --—— — — ‘ 

bration of the material Load stresses gives the bou 
eggs | Fringe ofc = Area —_ 
from which it is) made. | Constant ave af intardivanae ary stress directly. 
Hlence, in order to find the 400 + IMOXNESS i sign of the stress (| 
ce ie 438 iy ‘ 
difference between the 0.499 x 0.526 WA sion or compression) 

: P : ai 10 _— . 

) ¥ i - ; i \ ~ ‘ “ ; + ¥ 
principal stresses on an 0326 Pf usually be determin. 
———— S 300 | : | 
given line, the investigator ~ 877 Lb. per in 7 from the manner in wl 

. S = er oroer of : 

locates the line of zero b interference the model is loaded, bi ! 
difference between the 8. S this inspection fails 

se * 200 } i 2 
principal stresses, counts WA ¥ vive a satisfactory resul 
lines from there to the there are simple methods 
line in question, and the 100 } ie Dimensions of specimen available in the lab 

| 

: ' : 499 in : 

stress value is a. con- P woth O ory to ) 
| , Thickness 0.328 jin tory to find out. 
stant times the number of 0 Pi Calibration of th 
. / a - — . . 
lines counted.* Another 0 2 “ 6 8 10 material can easily be pei 
° roer of . ONO . 

method is to watch the Order of interference formed on a small tensil 
stress lines being formed Fig. 3 Typical Calibration Curve specimen made of it. | 


the model is loaded 


and to count them as they 


as 
Fringe 


pass some chosen point. 

As pointed out in “A Review of the Photo- 
Elastic Method of Stress Analysis” by R. D. 
Minpuin in Journal of Applied Physics for April 
1939, 


separating the two principal stresses within the 


and May there are various methods for 


model but, since the boundary. stresses are 
usually the most severe, one is more likely to 
be interested in these. On the free or unloaded 
*The Eprron suggests that “principal stresses” 
maximum shear stress” be delined, 
and to 
the following may help: Let us think of the two 
of 


If one considers some point in the 


and “constant 


while this is difficult do in a few words, 


dimensional problem a simple plane photo 
elastic model. 
model and passes a plane through this point pet 
pendicular to the plane of the model, then on the 
plane at the point in question there will be a 
resultant stress produced by normal and shearing 
components. If the plane is kept) perpendicular 
to the model but rotated about the point, then the 
resultant stress is found to vary from a minimum 
toa maximum with the two positions of the plane 
90° apart. These maximum and minimum result- 
ant stresses are known as the principal stresses 


The 


shear stress is half the difference between the prin- 


and have no shear components. maximum 
cipal stresses, and occurs on a plane making an 
of 45° the the 


stresses. For the general case in three dimensions 


angle with planes of principal 
there are three principal stresses on three planes 
mutually at right angles and the maximum shear 
stress is half the difference between the algebrat- 


cally largest and least principal stresses 


Constant 


for Bakelite, and Computation of the 


—— , this type of model on 
for This Material = 
principal stress will ly 
zero and the other will bh 
equal to the applied tension divided by thy 


cross-sectional area, so that the experimente: 


can measure the difference between the prin 
cipal stresses directly. If the tensile model is 
stressed and examined in the polariscope wit! 


is seen tl 


light, if 


undergo a number of cyclical changes from light! 


polarized monochromatic 
to dark and back again during the applicatio. 
of the load. 


one condition of complete darkness to the nex! 


Every time there is a change fron 


one says that there is a change of “one order o! 
interference”. This corresponds to the chang 
from one line to its neighbor on the photo 
clastic stress pattern in another model made « 
the same transparent material. By plottin 

evraph of load against orders of interference fo 
the find 


load required for a change of one order of inte! 


tensile model one can the change 

ference, and reduce this to terms of stress f1 

the dimensions of the calibration specimen. | 
all models were of the same thickness, nothing 
further would be necessary, but since the orde! 
of interference is directly proportional to th 
of the the 


also take this into account. 


thickness model, calibration mous 


From the calibration a quantity called ‘ly 
“fringe constant” is determined. This may ) 


defined in two wavs: (a) The change in 
difference between the principal stresses f 
change of one order of interference in mate:!@ 
of unit thickness or (b) the number by wh c! 


one multiplies the order of interference at 
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point in a model and into which one divides 
‘he thickness in order to obtain the difference 
between the principal stresses at the point in 
question. 

A numerical example will help to make 
hese definitions a little clearer and to illustrate 
their application. Figure 3 shows a typical cali- 
bration curve for bakelite with the determina- 
on of the fringe constant (f.c.). The application 
of the fringe constant to the determination of 
he stress at some point in a bakelite model 
inder a given load is as follows: 

Again using the little cantilever beam 
shown in Fig. 2 for the example, let us locate 
some point at which it is desired to determine 
the stress, such as the point at which the 
shadowy stress line intersects the tension edge, 
ibout 2.6 in. from the support, near where the 
dimension line appears in black. 

First of all, one must locate the line or 
point of zero difference between the principal 
stresses and then count lines from this to the 
point being investigated. In this particular 
case the zero point is the dot near the center of 
the beam at the support and counting out from 
this one finds that the point being considered 
lies on the eighth line, so that the difference 
between the principal stresses will be equal to 


__ 


Fringe constant * 8 8/./4 * 8 1830 psi. 
Thickness 0.384 
Since one of the principal stresses is zero at 
the boundary, this value represents the tensile 
stress at the given location on the edge of the 
beam. Reference to the load diagram super- 
posed on Fig. 2 shows that this value checks 
the stress computed entirely independently by 


the conventional beam formula. 


Reduces Assumptions to Certainties 


wo other common problems to which this 
process of analysis can be applied very easily 
ire illustrated. The first of these represents the 
stress condition produced by introducing a cir- 
ular discontinuity into a plate under tension. 
this is the sort of condition which might be 
et up by drilling a rivet or bolt hole in a ten- 
ion member, The stress conditions are shown 
mn the cover design of this issue, wherein the 
rt 


if 


ist used the photo-elastic stress pattern but 
it the photograph through the center of the 
vet hole and used only one-half the pattern. 
The other picture (Fig. 4) shows a double- 


ended eve-bar under tension. For both of these 





examples the actual stress values can be com 
puted in the same manner as that used for the 
cantilever beam and in the case of the eve-bat 
it is particularly interesting to observe the high 
stresses around the inside of the hole and at the 
junctions between the eve and the shank 

Although the photo-clastic analysis is pri 
marily two-dimensional in character, certain 
recent advances have adapted it to many three 
dimensional problems. At present there ar 
two distinctly different methods of approach 
One of these depends upon the internal seat 
tering of light in the photo-elastic material, and 
the other upon a peculiar property of bakelite 
which permits the so-called “freezing” of the 
stress pattern in the model. 

This latter procedure was briefly described 
in “Critical Points” last February, and is known 
as the fixation method the model is loaded, 


heated to a temperature slightly above the boil 





Fig. 4 Double Ended Eye-Bar in Tension 
Develops Particularly High Stresses at the 
Inside of the Central Hole and at 
the Beginning of the Upset n the Bar 


ing point of water, and then cooled slowly with 
the load still on it. At the elevated temperature 
a considerable deflection takes place which can 
be retained by cooling under load Upon 
removal of the load only a very small part of 
the total deformation is recovered, and in addi 


tion the photo-elastic stress pattern is retained 
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so that the model may be cut up into slices and 
the stress condition in each slice determined. 

Figure 5 shows the practical application of 
this scheme to a definite problem involving a 
safety valve disk or stopper. The model is the 
same size as the prototype and loaded in exactly 
the same manner. After the heat treatment an 
axial sheet was cut out and photographed in 
order to obtain the stress analysis as shown. [A 
note on the utility of the method to study stresses 
in rapidly rotating members is appended by Dr. 
Herenyt. 

This discussion only covers a few of the 
high spots of the photo-elastic method of stress 
analysis, but the author hopes that he has indi- 


cated its definite value as a practical and con- 


venient engineering tool which can be app! 
with the aid of a little simple arithme 
Although there is much involved mathemat +s 
behind the theory, the practical application | \s 
now reached beyond the stage of the scien 
and the laboratory, and should be of. infi: 
value in producing better designs at much lov 
analytical and experimental expense than | 
viously considered possible. In this lat 
respect it is particularly useful in connect 
with design control, since it can be used 
reduce the weight of lightly stressed parts 1) 
indicating where unnecessary material can | 
removed. From many points of view this may 
be just as important as the strengthening of a 


highly stressed part. 


Fig. 3 Center Slice From a Full Scale Model of a Safety Valve Disk, Originally a Three 


Dimensional Model in Which the Stresses 





Were “Frozen” by Appropriate Methods 


load 29%1Lb 


Compression $ 
| 7 





Jension 


Scale of Stress, } 





Stresses in Rotating 


HERE ARE a number of essential features 

of the photo-elastic method which make it 
superior for certain applications to any other 
current method of stress analysis. It gives 
results which in exactness are comparable only 
to those obtained by the mathematical theory of 
elasticity, while its range of application extends 
far bevond available theoretical solutions. The 
fact that the solution of stress problems can be 
represented in the form of photographs has a 
vreat educational value, serves 
as a guide for the designer, and By M 
represents a tangible proof of i 
the solution even for those 
unfamiliar with exact stress age 


analyses. Not the least, and 
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Parts 


from a fundamental point of view perhaps th 
most important, attribute is however that al 
present photo-elasticity provides the only exis! 
ing experimental method of determining Uv 
elastic state of stress in the interior of thi 
dimensional bodies. 

At present there are two ways by wh 
three-dimensional stress fields can be 
analyzed. One of these makes use of the scat! 
ing and subsequent polarization of light passing 
through photo-elastic materia!s 
the other one enables us 
“freeze in” stress lines in 
model which can then be cut || 
and analyzed in any desi! 


section. 











fhe “freezing” method has been first intro 
ced in} the 


Research Laboratories and has since found vari 


this country at Westinghouse 
s applications in industrial stress problems. It 
sists mainly of annealing three-dimensional 
odels of photo-elastic bakelite in loaded con- 


As al 


sult of this procedure the models preserve pet 


tion at a temperature of about 250° F 

ynently the elastic stresses and deformation 
set up by the loading which exists at the anneal 
is temperature. They can then be cut up into 
small sections, each showing in polarized light 
ie stress distribution in the respective plane of 
he original piece and by successive slices the 
field the 


S ntire model. 


stress can be explored throughout 
lhe explanation of this unique case of “solid- 
fied elastic deformation” lies in the particular 


molecular structure of heat-hardening resins 
Their structure can be conceived as a strong net 
vork whose cells are filled with fusible material. 
solid at but 


pletely when the temperature is raised to 250° F 


room temperature melting com 


Frozen” Stress Pattern in 


Central Shaft Hole 


and Tur 


oniv load CUarryvitiy el 


At this temperature the 


ment in the resin is its firm network skeleton: it 


is deformed through the loading and is ke ptoin 


that deformed condition by the surrounding 


filling material as the latter returns to the solid 


state upon cooling from the annealing process 
Ihe result is similar to immersin i steel bar 
in water and maintaining it in a bent position 
while the water freezes. The surrounding mass 
of ice prevents recovery of deformation upon 
removal of the loading, performing thus the 


same function as the fusible filling material in 


the cells of the bakelit 


The freezing technique can be 


material 
apphed to 
loading is steady and does 


the 


model when the 
time \ 


a body 


any 


not varv with particular case is 


one which acts in rotating with constant 


velocity The accompanving figure shows an 
illustration of this kind where the model was 
rotated with constant speed during the entire 
annealing process, giving finally a picture of the 
stress distribution caused by the centrifugal 
forces in the Whirling disk S 











—_ 
engine axles 


and piston rods 


and designer both are 


interested in the interpretation of photo-elastic 


studies, as they are practically applied to the 
design of commercial equipment made of metal 
and operating in equipment where failures can- 
not be tolerated. Several specific cases will be 
presented to show the manner in which photo- 
elasticity has supplemented the development of 
the final product design of some parts in 
general use throughout the country. Some 
introductory discussion is prefixed as to the 
limitations and applications of photo-elastic 
analysis. 

Photo-elasticity provides a powerful means 
of making a stress analysis but only permits us 
to determine the effect of shape of the design 
member upon the stresses. Furthermore, such 
analysis is confined to stresses within the elas- 
tic limit — or, as more liberally interpreted, the 
vield point strength. 

After the best design shape is established 
from photo-elastic studies, it becomes necessary 
to choose a suitable material and heat treatment. 
In this selection, photo-elasticity offers little or 
no assistance. The ability of ductile materials 
to redistribute high local stresses, degree of 
sensitivity of various metals to notch effect, the 
size or mass effect, residual stresses, surface fin- 
ish, are all factors which cannot be evaluated 
from photo-elastic studies. 

Photo-elastic values of stress concentration 


are, for convenience of discussion here. consid- 
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ered as being applied where 

member is subjected to eithe 

static loading or a reversal « 

stresses. In the former instan¢ 

the stress concentration factors 
are directly applicable and th 
load can be predicted at which 
vielding first occurs, if th 

material is ductile, or fractu 

if the material is brittle. Wher 
a member is subjected to a 
repeated reversal of stresses, 
the photo-elastic stress concen 
tration factors are always con 
sidered as being safe, but ar 
generally too high unless the member is large; 
the full value of the concentration factor is con 
sidered applicable for a large member becaus: 
of size effect and general deficiency of know! 
edge relative to large sizes. For a discussion 
of “Two and Three Dimensional Stress Concen- 
tration and Comparison With Fatigue Stress”, 
see the article by R. E. Pererson and A. M 
Want in Journal of Applied Mechanics 
A.S.M.E., 1936. 

Since most failures of parts are a result of 
the action of variable stresses the following 
examples will better serve to illustrate th 
application of photo-elastic studies to this more 
difficult type of problem. 

The design of railroad axles represents one 
example of where a combination of both photo- 
elastic studies and fatigue tests have been 
applied. This problem presented itself by 
fatigue failures of axles in service, the frac- 
ture occurring in the portion where press fitted 
members, such as wheels, were mounted. T! 
weakening of shafts due to the effect of press 
fitted members is also experienced in mai 
other types of equipment wherever gears, p 
leys, bearings or some form of member 's 
pressed or shrunk on a shaft. 

Fatigue failures occur in the axle or sh: 
just inside the face of the press fitted memb: 
Studies of this phenomenon have been print 
by Messrs. PeTerson and Want (“Fatigue 
Shafts at Fitted Members” in Journal of Appli 














fechanics in 1935) and by the present authors 
Transactions @ 1937. It appears that the 
vressure between a sleeve or hub and an axle, 
vhen the axle protrudes at either side, is not 
iiform but increases rapidly near the end 
ices of the sleeve due to the extra compressive 
esistance of the protruding portions of the 
xle. When the assembly rotates under load a 
urther complication arises, for the contrac- 
tion and elongation of the external fibers of the 
ixle shaft, acting as a beam, cause a minute 
liding action of the fitted surfaces near the end 
faces of the hub, produce a band of abraded 
metal on the shaft and enhance corrosion at 
that region. Such “fretting corrosion” at forced 
fits was described briefly in Merat ProGress 
for May 1939 and a more complete account of 
“Chafing Fatigue Strength of Some Metals and 
\llovs” was given by GeorGe Sacus and P. 
Sreran to the @ convention last October. 
Previous standards and conventional prac- 
tice for railway axle design, some of which have 
existed for about 50 vears, are just now being 
modified to conform with the results of find- 
ings from the type of researches that are 
described in the above mentioned publications. 
Such studies were first initi- 
ated in the physical laboratory of 
limken Roller Bearing Co. by pre- 
liminary fatigue tests of scale-size *y 
ixle and wheel assemblies wherein 
the axles were scaled down to 2 
in. diameter. Fatigue values 
obtained were so low that some 
explanation was sought for this 
weakness as well as means for 
improvement. Standard rotating 
beam specimens indicated an 
endurance limit of 39,000 psi. for 
S.A.E. 1045 plain carbon steels, vet 
scale-size axle and wheel assem- 
blies of this axle steel had an 
ndurance limit of only 13,000 
psi. As a first step a photo-elastic 
nvestigation was conducted on a 
series of plastic models made to 


' 


irious shapes of wheel and axle 


lem involves the weakening effect due to both 
(a) stress concentration from the shape and 
(b) rubbing corrosion between the fitted mem- 
bers. Photo-elastic analysis gives the value for 
(a) and not for (b), but does indicate means of 
reducing the effect of the latter 

Figure 1 represents the stress pattern for 
the conventional design of axle and wheel 
assembly, showing the axle under a combina 
tion of both vertical and thrust loading. The 
local region of high stress concentration in the 
axle as circled is enlarged in Fig. 2 and the 
plane of fatigue fracture in actual axles occurs 
in the portion indicated by the nest of closely 
spaced, sharply curved fringes. Corresponding 
enlarged views of stress conditions for improved 
designs of axles are shown in Fig. 3 and 4. In 
the former, the axle is relieved or made smallet 
in diameter in the portion protruding beyond 
the wheel fit, and in Fig. 4 an annular relief 
groove is machined in the axle adjoining the 
wheel hub face. While the fringe arrangement 
in these two figures is somewhat similar to that 
in the first, it should be noted that the localiza 
tion of fringes occurs at the end of the raised 


wheel seat on the axle. At this corner on the 


Length of Wheel Fit 
8%" 





ae <~ Wheel Hul 





Tension Side of Axle 


tees 




















: 


issemblies. Qualitative rather ! ; 

han quantitative analysis was 1! Compression 

iade from a large number of ie '/. o \ Boundary of Fig. 2 

ich studies, of which representa- 

ve photographs are shown. Inter- Fig. 1— Fringe Photograph of Model of Conventional Railroad 
retation of these photographs in Car Axle and Wheel Assembly. The portions representing wheel 


rms of relative strength is no! hub are 


ssible because this type of prob- 


squeezed to the axle with calibrated springs simulating 


the forced fit and the axle ts loaded in bending, as in service 
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—Wheel Hub 


fig.2 Enlarged View of Circlea 
Portion of Fig. , Showing 
Region of Highly Localized 
Stresses an Compression 

Side of Axle at inside Face 

Of Wheel Hub 


fig.5 Fringe Photograph of improved 
Axle Design. Stress concentration 18 
about as severe and 1s localized at corner 
Of wheel séat, but there is no lateral 
restraint at this point 


Fig.4 Improved Axe Design, With Stress 
Reneving Groove Near Wheel Seat. Cold 


rolling this 


roove improves the 


enourance limit of this critical regron 


Of the axdé 


“- Wheel Hub 
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axle there is no lateral restraint 
permit high stresses to build u 
furthermore the axle bendi: 
stresses are a minimum in tl 
vicinity of the end of the wheel se 
where the weakening effect fro 
rubbing corrosion is the greatest. 

Fatigue tests were made 
rotating bending of both scale-si: 
and full-size axles of these thre 
designs. In these tests the whe: 
seat diameter ranged from 1°, j 
to 1144 in., and the results of son 
of them are summarized in tl 
large table reproduced on tl 
opposite page. 

All variable factors influencin 
these results cannot always be is« 
lated and evaluated. Micrograph 
of the structural conditions presen 
in some of the test members ar 
shown in Fig. 5. It is apparent that 
some of the scale-size members d 
not have the same structure as the 
full-size members, even though they 
were taken from the same heat and 
were untreated after forging or ho! 
rolling. This is a practical condi 
tion to be expected from forge shop 
and mill operations but presents 
difficulties in trying to isolate the 
influence of size effect. On the othe: 
hand, fatigue tests have been mad 
on scale-size axles which have bee 
machined from untreated full-siz 
axles. In such tests the small axles 
had fatigue cracks initiating in steel! 
which was originally located con 
siderably below the surface of the 
full-size axle. Failure originatin 
in such locations means that. the 
fatigue properties of the surfac 
material of the full-size axle is no 
being determined. Nevertheless, 
consideration of the tabular dat 
indicates the danger in applyin 
the fatigue values obtained fron 
small specimens as permissibl 
stresses for the design of larg 
members. It is also obvious tha 
while photo-elastic studies serve 
valuable purpose in quickly estal 
lishing a design shape of maximu! 
strength, fatigue tests are desirabl 


for determining quantitative value 




















1°%,-In. Scale-Size 


7-1 Axle. as Forged, Showing Fatigue Crack 
Fig. 5 Photomicrographs of Surface Metal at Whe 
Fatigue Cracks Started. 1//] axles made of S.A. 
treatment does not noticeably improve the en 


of allowable design strength for composite or 
built-up members. 

The manner in which conclusions from this 
axle research were reflected in product design 
s shown in Fig. 6, taken from the Fourth Prog- 
ress Report, April 1940, to the Association of 
\merican Railroads on passenger car axles. 
Here the original design of railroad car axle 
ippears in contrast with the new design where 
wheel seat is 


the fatigue strength of the 


increased as much as 80° with only an increase 









Machined From 





Hot Rolled Bar 


(< 2-In. Seale-Size Axle, Normalized and Tempered 


el Seat of Test Axles, at or Near Places Where 
1045 steel; contrary to expectation the heat 
lurance limit, Vagnification 75 diameters 


heat treatment. Change in shape of the wheel 
seat was responsible for about half of this 
increased strength, and the addition of metal 
at the wheel seat was responsible for the 


remainder. 

Driving axles 11 to 11 in. diameter of a 
design similar to that shown in Fig. 4 or last 
line of the table have been applied to about 40 
modern passenger and freight locomotives. The 
depth of the relief groove in such axles varies 


from ,;, to in. Also, the bottom portion of 


















of 1% in weight, and no change in material or the groove is cold rolled to increase its fatigue 
Fatigue Test Data on Axles of S.A.E. 1045 Steel 
AXLES Wirn Press-Firren WHeeus PLAIN SPECIMENS WrrioutrT WHEELS 
CONDITION ENDURANCE Limit*® 
& DESIGN i DIMENSIONS OF AXLE (IN.) SPECIMEN 
OF STEEL ro PREVEN4 IENDURANCI 
Limit 
D D/d D/L R S Crack Break Ort Dn FiNisi 
' 
Norm. & temp. 
t+ Whee Fig. 5 ¢¢ 2 1.0 1.45 8,000 psi. 13,000 psi » O00 Emery 44.400 psi 
| Norm. & temp. 1% 1.0 1.0 9,000 12,000 
y Hot rolled 
ty ome Fig. 5 (b) 1%, 1.0 1.0 GQ O00 11.000 1 OO0 Emery 31.000 
| Ae e 
As forged 
Fig. 5 (a) 7 1.0 1.0 Q 000 11.000 fj Smooth Turn 17.500 
3 Hoo} ery 33.000 
> 
es Hot rolled 1.89 1.12 1.08 10.500 1? O00 | OO0 Emery sr .a000 
—— Norm. & temp. 1.89 1.12 1.08 M4 s 10,000 14,000 
L he . = . ; . - 
i °R As forged 7% 1.12 1.08 2 . 12.000 14,000 { Smooth Turn = 17,000 
. As forged 8! 1.20 = =61.08 D s 13,500 16,000 iF Smooth Turn 17,500 
a 
1 PR 
“4 | 
! jis __) Norm. & temp. 2 1.08 1.45 ) 9,000 22,000 - (HM Poinery s4 400 
— 
*Keferred to here as nominally calculated bending stress obtained by dividing bending moment in axle at wheel 
section modulus at same place. Two limits are discernible in this steel; the lower one noted as “crack” starts 
but the crack does not progress very far; the higher one noted as “break off” will cause complete fracture 
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Fig. 6 


Having 80% Higher Fatigue 


1% Heavier 
notch effect, a prac- 
lab- 


laboratory 


resistance and offset the 
tice which has been found effective from 
With the 


fatigue tests of scale-size grooved axles showing 


oratory fatigue tests. 
about double the fatigue limit of the conven- 
tional design, it is expected that such full-size 
grooved axles will reflect considerable improve- 
ment by longer life in road service. 

A further example of how similar design 
principles have been applied to piston rods for 
high speed passenger locomotives is indicated 
in the last engraving. Clamping action of the 
crosshead on the piston rod is confined to a 
raised portion or seat on the rod, at which loca- 
tion the tensile stresses from the action of the 
steam load are a minimum. The extremely 
light weight of this piston rod is obtained by 
using thin walled seamless steel tubing, made 
of a restricted S.A.E. 4540 specification, and it is 
effect of surface 


necessary to minimize the 


Fig. 7 Partial Assembly of Light Weight 


with circular keyway grooves, cold rolled 
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Original (Conventional) Design of Railroad 
Car Axle (Above) Compared With Improved Design 
Strength 


Piston Rod and Crosshead. 
to improve endurance limit of surface layers 


stress concentration by using the m: st 
favorable shape. The same practice is 
lowed on the piston rods as on the driv: ig 
axles previously mentioned with rel ef 
grooves, in that the multiple keys on { \ 
end of the piston rod are cold rolled as a 
final finishing operation. 

It is often 


through the center of cams, rollers, and 


necessary to put hoes 


other parts subjected to diametral loading 
There is always the question of how larg 


the hole may be made without endanger 


around the hole from high tensile 


This type of problem is ideal for sé 


failure 

stresses. 
tion by the photo-elastic method, since quantila- 
Such an 
investigation reported by O. J. HorGer in Journal 
of Applied Physics for July 1938 revealed that 


tive values may easily be obtained. 


the tensile stress around the hole increased 
proportionately little in going from a small hol 
up to a diameter which is about 20 to 25° of th 
roll diameter. After passing this latter limit, 
the stresses increase very fast. Repeated impact 
fatigue tests were necessary, however, to deter- 
mine the influence of the condition of the mate- 
rial upon failure occurring around the hok 
Such 


burized 


tests for two conditions (a) case Car- 


hole and (b) hole oil quenched and 


tempered at a low temperature — showed a 
much greater repeated impact resistance of the 


latter over the carburized metal. § 


Rod has upset end 
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9,000,000 POUND LOADS... 


: ; 
... yel these bearings stand up. 


a) 














Bearings must take terrific poundings in high-speed rolling 
mills. This $4 in. bearing sleeve safely withstands pressures 
above 5.250.000 Ibs. After years of research and experience, 
the MORGAN CONSTRUCTION CO., has standardized on 
Nickel-molybdenum steel for roll neck bearing sleeves. Nickel 


alloy steel retains its finish and maintains alignment. 





This convention 
exhibit shows how 
Nickel alloy steel | 
MORGOIL bearing sleeves are mounted for high speed 
operation in a continuous strip mill. Production econo- 
mies and increased output naturally follow the increased 
abilities of tougher Nickel alloyed materials, 











Diagram showing the ASARCOLOY bush- Confronted by tougher production schedules this year, don't 
ing (marked 1) which backs up the Nickel get caught with your bearings down. Avoid breakdowns by spec- 
alloy steel bearing sleeve (marked 2). ifying bearings strengthened and toughened by Nickel alloyed 
Asarcoloy is a cadmium Nickel material materials. Helpful, practical advice on efficient bearing meta!- 
with a very low coefficient of friction. and mountings is available promptly upon your request t 


THE INTERNATIONAL NICKEL COMPANY, INC. new’ vor, nw. . 
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e M ( 
»M 
tion. This requires that the steel 
be brought to the grinder and 


park test while this is undoubtedly — the 


as a plant control 


PARK TESTING is no news to the ASMem- 
ber, for it is one of the surest and fastest 
methods of inspecting metal, of indicating the 
eneral chemical composition and the presence 
of specific alloys, and of checking every bar to 
nsure against any tramp iron of the same size 
md surface appearance. Articles have already 
been published in Merat Progress and in & 
Metals Handbook on the method of test. Like- 
vise a data sheet in the October issue dia- 
srammed the sparks from the principal types 
of alloys. However, it may not be amiss to 
record that the Buick Motor Division uses this 
onvenient test very extensively, in several 
nstances as a 100° check on metal going into 
i vital part. It is also desirable to note that the 
itis capable of sharply differentiating between 
lain carbon steels. 

Spark testing is an art, and the accurate 
se of the test depends upon the skill of the 
perator. This is especially true when check- 
slight differences in analyses. The spark 
ster must watch many conditions in making 

lest. The selection of the grinding wheel, 
speed, the pressure with which the wheel is 
ought against the steel are all important in 
oducing a spark stream that is easily and 
urately interpreted. Spark testing is carried 
preferably in a darkened area, since bright 
it makes the examination of the spark 
eam more difficult. Some users recommend 
lding a cabinet to enclose the wheel and 


Ss standardize the background and illumina 
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best wav to do it in the labora 
tory, we find that a portable 
vrinder can be more conven 
iently taken to the steel for most 
ol the work, and that shop al 
warehouse conditions are usually 
such that the test can be accu 
rately performed on the spot 
The most important requisit 
in making an accurate spark test 
is the abilitv of the operator to 
interpret the characteristics of 
the shower of sparks in terms of percentages of 
chemical elements present in the steel. Each 
steel will give a spark stream that is peculiar 
to its analysis. In comparing steels of greatly 
differing analyses, the nature of the spark 
stream will show a correspondingly large dif 
ference. Carbon, molybdenum, silicon, nickel 
and tungsten have a characteristic spark that 
may be easily recognized The presence and 
amount of carbon is also easily evaluated, In 
steels up to about O30 carbon, the test is 
accurate within 0.05°. with a skilled operator 
In steels of only slightly differing analyses, the 
differences in the spark stream are naturally 
not so clearly defined and the test requires 
creat skill for accurate classification Son 
soft, non-ferrous metals, such as copper or alu 
minum, give no grinding sparks in the air 
Sparks from the grinding wheel are, of 
course, small chips of metal torn off at) suf 
ficient temperatures to make them glow, o1 
even kindle and burn in the atmosphere. Some 
spark streams are long and spike-like, while 
others are bushy and full of bursts It is a 
theory that the sparkles or spurts are due to 
the rapid formation of gaseous carbon oxides 
below the surface of the chip (or globule of 
molten steel) and sudden escape of the gas 
from inside the globule would cause it to 
explode llowever that may be, carbon is a 
necessary element for the bursts Pure iron 


has verv few spurts, while low carbon machin 


steel vields a few pl in forked spurts 
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\s carbon content increases in plain steel, 
the explosions increase and assume intricate 
patterns. They are so profuse in high carbon 
steel that the spark stream becomes very bushy 
and particles from the initial explosion dart out 
and repeat with secondary bursts, producing a 
branching network of light 

High speed steel is casily identified. Dull 
color near the wheel and a long spark stream 
are characteristic. Manganese steel vields a 
stream of high temperature and great. bril 
liance, while sparks from chromium. steel, 
although similar to those of high speed steel, 
are of less brilliant color near the wheel and 
the stream itself is thinner. 


As practiced in the Buick plant, spark tesl 


The Spark Stream of S.A. 1010 Low Carbon S.A.E. 
Stream Similar to the Higher Carbon Stock but With 
Bursts. Eapert spark testers can easily distingui 


Steel, Having a Specified Carbon Content 
Within the Range 0.05 to 0.15%. The spark 
stream ts thin and there are few bursts 
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difference, estimating the carbon 


ing is of great value when steels are uss 
large quantities and of varied chemical a 
ses. The spark test is fast, mobile, ace 
and is adaptable to the finished part as w 
rough bar stock. It does not replace che 
analysis, but rather is used in conjunction 
as a plant-wide inspection operation. In 
of doubt, or to demonstrate, the tester t] 
a spark stream from a small standard sa 
of known composition. 

Among major items in the spark t 
routine at the Buick plants are the 100‘ 
ing of all transmission gear stocks to insur 
selection of steel against a possible miX-uUy 
100°. test of all 1335. X1335. and X1340 s 


The latter three items are used in bars « 
1050 Steel, Carbon 0.45 to 0.55%, Gives a 


content to within 














diameter and finish and the spark test 
sents mistakes in their selection. 

Valve rocker arm shaft steel is sparked as 
eck against the chemical analysis. <A_ per- 
tage of all washer stock is tested to main 
the specification on carbon; high speed 
steels and high chromium steel of the oil 
dening variety are spark tested for alloy 


tent. A percentage of 1020 rivets and a pet 


tave of torque tube stock is tested 

One of the most important uses of the spark 
the king-bolt stock 
the 


il to the car's safe operation. 


in connection with 


is 


physical properties of king-bolt are 


The part Is 
rburized and demands a soft-tough core, so 
spark test is applied 100° to insure against 


high carbon steel being used. Ss 


; 


f High Carbon Steel Having 0.7 


stream is characterized by tts bushy appe 


Sperk Stream ¢ 
rhe i. The 


ce and the bursts 


presence of numerous double 


or spu 
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Cooling of Aircraft Engines 


Win Kk aireratt engines and automobile engines 
both 
almost 
cooled 
decided 
latter 
eratt 


ombustion engines, the similar 
there Phe 
ooled 
bile 


are internal « 


ity Stops competition between 


been 


the 


and has 


the 
the 
liquid cooling may be 
but it 
brie 


pperating conditions 


au designs 


liquid-« 


in modern autome in favor of 


and use of water coolant au 
us Te 
it 
different 


urplane has 


rivantage r cel 


tain { essential 
the 
Phe 
pl 
cooling eithe 
tubular 
the 


is 


no 


clus to 


ipplications iS is in 


the automs very 


ade 
the 


radia 


a high enough speed to ovide an 
of 


evilinade rs. of 


ar 


quate supply air tor 


rts 

finned type 
the eneines are 
cold so that heat 


Silence 


tors and au 


is 
iS transterred 1 good 
ost « 


light 


is dominant 


low ( 


but 


rate and mstruction 


ire not demanded weight is 
performances 
attention now to 
the 


remarked 


liquid 


Contining 
radiators there 
that the 
a complete misnomer, 
heat 


by 


engines and 


be 


is 


cooled 
for, il 


“radiator 


mbty name 
is 
from 


the proportion of transferred 


the 


almost 


the liquid to radiation is small, 
il 


tion 


occurring entirely by conduc 


The 
appears superficially to 
the hol {1 


circulated 


wiator™ | 

bye 
the 
the 


wtion ota ‘i n sery 


ice very 


simple; water om 
block 
merely LIVES 


the hot 


a Straightforward 


engin 
through tubes 
he al ti 


surtaces 


up ILS ir passin 


external clearly 


adiator tive 


ovel 
eeding In 
different 
heal 


I i 


automobile 1 resist 


inces to such transfer of occur 


al 
wall of 


metal 
hold 


wilt 


intertace 
thre 


met 


water-metal 
solder 


water-way 


to 7 


i in 


water the it 


the 


r. ands 


ne wails 


ind 7 metal-air interface Of these 


ire dominant and are reduced 


close fitting of the parts to minimize 


by 
the solder and improve the joint, and 
by giving necessary turbulence to the 
flow 
lt 


behavior of 


of the 


ill 

by 
ill 

Phe 


Wwe ioht 


that the 
from tha 
| 


should 
the 


remembered 
is dillerent 
heat 


cu.tl 


ite! specilt 


per 
than 


ill 


is 
the only 
that 


have 


\NV hile 
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would 


is 
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rilical points 


QO THE Socirery or AvTomMorivE ENGINEERS’ 
meeting in Detroit, and heard Major Gen- 
eral Scorr, chief of the Armored Force, U. S. 
Army, describe the organization, equipment 
and training of our first two armored divisions. 
Each is a complete army of 11,000 men = with 
19,000 weapons and 2500 vehicles, and can act 
independently, having aircraft for observation, 
light cars for scouting, the main striking force 
of 274 light tanks and 110 medium tanks, an 
artillery regiment of field guns, mortars and 
howitzers to reduce strong points, infantry to 
hold ground, and appropriate engineers, ord- 
nance, quartermaster, signal and medical corps. 
Most of the soldiers must be specialists, and a 
school turning out 500 of them a week is now 
operating. It takes three months to make radio 
men and tank drivers from fully trained sol- 
diers — each member of a tank’s crew must not 
only have his own spe- 


Professional cialty, but be able to 


Soldiers for 


Armored Forces 


replace the driver if 
incapacitated by fatigue 
or wounds. Methinks 
this points to a future army of professionals, 
men who intend to make a life work of soldier- 
ing. (In effect the Navy is now so staffed.) 
General Scorr said the motorcycle is too fragile 
and dangerous and will probably be replaced 
by a bantam car. The present light taiuks are 
so well armored against 0.30 caliber machine 
guns that ball ammunition has been used 
against them in practice maneuvers. The Amer- 
ican heavy tank is still “on design”; the ques- 
tion is “How shall it be armed and armored?” 
The projectile now has the upper hand in the 
“projectile-vs.-armor” argument and the armor 
is getting thicker and thicker and heavier and 
heavier, until presently the tank can’t move! 


Vetal Progress; Page 212 





By The Editor 


CAREFULLY WORDED slatem pi 

were read by Major Gen ra 

Brerr and Rear Admiral Tow xs 

chiefs of Army and Navy Aj 

Corps respectively. General By & 

decried any trend toward lo ve 

quality when = striving for mass 

production, saving that since thy 

Germans are masters of fast pro 

duction, both quality and quantity 

must be achieved for air mastery 

Likewise the two are not antipa 

thetic; true quality means eas) 

assembly and maximum uninterrupted use o! 
such aircraft as exists. (No engineer woul 
cavil with this; the real problem is to distinguis! 
between those places where quality is vital an 


those where quality is merely ornamental.) 


Admiral Towers said that three Ame 
ican designs of radial engine give more pow: 
than any European air engine, the larges 
radial developing about 2000 hp. as compare: 


to 1100 for the liquid-cooled uni! 


Air Arm (He did not belittle the liquid 
Chiefs cooled unit, saving that it has its 
Discuss place now, but that most interes! 
Program "2turally resided in the mos! 


powerful engine.) Drag of radia 
engine has been reduced by research and new 
designs of cowling and other details, so tha 
craft of “400 honest miles per hour” are nov 
being built. These officers confirmed the dis 
quieting fact that there is as vet no effectiv 
defense against night bombing of large areas 
the best that can be done is to force the raiders 
so high with anti-aircraft fire that their aim is 
zero to poor — indeed that also seems to be th 
accepted defensive tactics for troops, tanks, an 
ships. Another disquieting rumor that Ame: 
can aircraft are not good enough for the Britis! 
Roval Air Forces to use against any fighte! 
craft except the Italians’, was said to appl 
only to those aircraft shipped on French orders 
while regulations prevented the release of an) 


thing except obsolescent models. 


Desprre the humming production of moto 
cars, one senses that the Detroit region is reo! 
ganizing for defense. Truck manufacturers 1 
delivering half their output to Uncle Sam’s 1c 
army; this requires relatively little read). s! 








vent. although the four and six-wheel drives 
rrow a heavy load on axle and transmission 
ints. Packard V-12 motors for “water wasps” 
fast, small torpedo boats —are already in 
oduction. Radial engines for tanks and air- 
ift are months away, but Chrysler's complete 

w tank factory is about ready to start. Man- 
erial, engineering and supervisory staffs for 
ese new activities are drawn from depart 
ental heads or enterprising assistants in the 
tomotive organization that sponsors them. 
Metallurgists say their prin- 

furning cipal worries are to use 
Plowshares Government designs and 
into Swords specifications dated 1923 for 
strictly automotive parts 
iat have been refined by 17 years of close 
study. One finds such anomalies as these: A 
ickel alloy steel used without heat treatment 
or so lightly stressed a part as a hand-operated 
levating gear; a shipment of S.A.E. 1120 (which 
ormally would be accepted on faith) analyzed 
id rejected because it is 0.01% too high in 
phosphorus, one element that certainly improves 
ts machinability; a $2 per ton extra charged by 
steel mills for inspection on any “WD” (War 
Department) steel, although WD 5120 has an 
dentical chemical specification with S.A.E. 
120; a straightness limitation on axle shafts 
that must be proof-loaded beyond their elastic 
limit, vet may not be cold straightened after 
test. No one wants to compromise on quality 
where quality is essential, but sometimes the 
origin or paternity of some requirement seems 
doubtful 


for the years a machine which has a life 


likewise the necessity of building 
expectancy of only a few weeks in combat. 


: To THE vacant Graham-Paige automobile 
factory, where are exhibited fuselages and 
wings of two bombers, soon to be produced in 
the Detroit region, and samples of the hundreds 
i castings, forgings and fittings required. One 
s the Glenn Martin B-26, a two-engined ship 
ow in production in Baltimore; it is carefully 
, ctionalized for manufacture, shipment and 
sembly. The Chrysler organization is plan- 

ng to make 100 of these bodies monthly in 
e Graham-Paige buildings. The other main 
hibit is one wing and the central section of 
four-engined B-24 bomber made by Consoli- 
ited Aircraft in San Diego. According to 
Wspaper reports, EpseLt Forp has offered to 
pp automobile work in the Rouge plant, if 


essary, to build these huge craft an offer 


— in line with the willingness of all 
Rodi manufacturers to subordinate 
odies 

motor car construction to the 
Made in 

defense program. The Consoli- 
Detroit 


dated bomber is so heavy and the 
wing structures so complicated by engine 
nacelles and landing gear hatchways, that this 
inexpert observer would judge that the limits 
of riveted aluminum structures are just about 
reached. Some spot welding may be observed 
on both craft, but it is confined to such “non- 
structural” parts as flooring, doors and hatch- 
way frames. Alloy steel tubing, welded and 
heat treated, makes the engine mounts and 
landing gear. Inescapable is the feeling of 
intense refinement of all detail of the cast 
ings and forgings most are required only one 
per ship; vou look a long time to find one 
whose tag reads “10 required”. Mass production, 
in the automotive sense, simply doesn’t apply to 


these machines in their present embodiment 


WaLTer WINCHELLING around the S.A.I 
meetings on aircraft engines, discovered that 
metallurgists in the aeronautical industry may 
sometimes have to defend the reputation of the 
metallurgical industry as well as find the best 
metal for the part. Not that it matters very 
much, but the question that started the argu- 
ment was: “What indispensable thing has the 
steel industry furnished to the modern air 
engine?” The obvious answer, “Steel”, did not 
satisfy those oil men, mechanical engineers, 
and aeronautical experts who were baiting 

their metallurgical confrere. They 
Metal for wanted something spectacular, 
Aircraft 


Engines 


something discovered since 1920 
and highly developed exclusively 
for their use. How about the 
austenitic steel exhaust valves and the nitrided 
nitralloy cylinder liners? These are no smaller 
achievements than, say, high octane gasoline... . 
Recent spectacular achievements in metals are 
not so easy to find because of the enormous 
previous advances. Steady progress in quality 
and variety of fine metals and alloys is much 
less spectacular but no less indispensable than 
the rapid growth of the flying machine, which 
simply didn’t exist 40 years ago; at that time 
the metallurgical industry was already resting 
on the developments of centuries. 

lo Bunpy Tubing Co., where RAayMonp 
Hoprock, vice-president and chief metallurgist, 


told me of the development of an idea acquired 
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by the founder when watching a_ cigarette- 
making machine in a Broadway show window. 
(Perhaps he also noted the decorative oper- 
ators, to judge from the good-looking girls 
swarming about the finishing and inspecting 
benches!) Bundy tubing is made from strip, 
but instead of merely being turned up and edge 
welded, the strip is twice as wide as the tube’s 
circumference, so there is a double wall, or a 
360° overlap. In its first embodiment, steel 
strip bent this way was put through a solder 
bath, then cut to length and twisted and turned 
into gasoline lines reaching from automobile 
tank to carburetor — where it was a great suc- 
cess. Some tubing is still so made, but since 
the perfection of hydrogen brazing, about 1931, 
most of the product starts as steel strip of 
precise dimension, electroplated with copper. 
Davin Knox, chief engineer, showed me how a 
series of forming rolls curls and sizes it over a 
rod-like mandrel of toolsteel, chromium plated 
for wear resistance. Cut to 55-ft. lengths, the 
tube is passed slowly through a G.E. brazing 
furnace, each length in its own tube-muffle. 
The atmosphere is made from half-burned 
natural gas, refrigerated to remove most of the 
moisture. The original steel strip must be 
scale-free and the copper deposit free of oxy- 
gen or sulphate, else steam bubbles will be 

formed during brazing, 


Tubing Made and prevent the joint 
With Ulira- from forming. Residual 


stress, or “pinch” from 


Modern Metals 


andl Peacasses the forming rolls, must 


also be enough to hold the 
curl tight during the brazing heat. Such tube 
may be cold drawn, even down to capillary 
sizes, but ordinarily is formed into correct size 
for the intended use—say, 1!; in. diameter, 
more or less. Automatic pressure testing equip- 
ment for hydraulic-brake tubing operates much 
like tin-can testing machinery, although an 
electromagnetic equipment for discovering 
flaws may avoid this compressed-air test. . . 
Hosrock showed me their latest development 
monel metal tube for Allison engine radiators. 
This tubing is also of double ply construction 
when made, but the seams and plies disappear 
with working and heating and the small sizes 
are substantially seamless. The base tube is 
reduced by several unusually heavy passes to 
0.230 < 0.006 in. leaving the tube very hard and 
stiff. Cut to short lengths, with ends expanded 
into hexagons, they are nested and joined 
together by dipping into a shallow bath of sil- 
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Some 10,000 tubes, 9 in. long, » 


needed for the three radiators to cool the ¢ 


ver solder. 


lating liquid, fuel charge at the supercha 
and the lubricating oil. 


To Timken-Derroir Axte plant, w et 
found Roy Rovusu inheriting the duties in 
emoluments of chief metallurgist from © 
notable predecessors as Harry McQuaip 
Orin McMvuLian, and complaining that t¢| 
metallurgical work was all but submerge 
the drive for production of gears, shafts an 
axles from such steels as could be purchase 
and delivered. Nevertheless glimpsed man 
interesting studies of axles and parts, one bein 
the fatigue testing of full-sized axle shafts j 
torsion — it being impossible to translate tes! 


results from small standard test pieces bec 


IS 
of the different nature of the stresses (torsio 
instead of bending), the questionable stresses 
due to tapered shaft and flanged or spline 
ends, and the non-uniform hardness (strength 
surface-to-axis after heat treatment. Driving 
axles, fore and rear, are usually welded hous 
ings. Successful butt weld 
Gear Testing, ing of mild steel plate an 
100% Plus tube requires about 8) kva 
current and 4000° Ib. pres 
sure per square inch of cross-section; if abot 
1', times the wall thickness is used up in flas! 
and upset, enough time will be given to pr 
heat the surrounding metal and diffuse enoug 
heat for a_ self-anneal, thus preventing am 
hardened and embrittled region. .... Observe: 
one of the pioneering gas carburizing furnaces 
in action; stacks of 14-in. ring gears of S.A. 
1620 receive a 0.060-in. case in 10 hr. while pass 
ing through a long muffle with gas locks on eae! 
end. Small slots in exit doors are opened t 
remove gears yet prevent infiltering air fron 
causing some decarburization. Prior to quench- 
ing in a press, each gear is wire brushed clea 
of carbon deposit. Each tooth on each gear 
file tested for hardness; the Rockwell hardness 
may be surprisingly low (sometimes down 
C-50) because there is much retained austenit 
Rousu questions the theory that the slight 


improved Rockwell hardness of such gears ai! 


sérvice is due to subsequent transformatio! 
this austenite, since the microstructure does no! 
change. Cold work hardens pure metals «ne 
single-phase alloys by some mysterious mec 12 
nism that does not necessarily involve p! as 
transformation, so why cannot it also ope at 


on austenite? 











ered how to make crucible cast 
steel, a modeler and designe! 
discovered the phneumatr 
method of converting molten 
pig iron ito steel, and a clerk 
in a police court reasoned out 
the basic refining process, and 


proved it in crucibles and mini 


Notes om ture converters set in. his 


important books 


A Pioneer, and a Man 


Sidney Gilchrist Thomas, the story of an invention 
and its consequences. By LILian Gitcurist 
PHOMPSON. 328 pages, 01, by 8 in., 8 portraits 

and illustrations. Faber & Faber, Ltd., Lon 


don, W.C. 1, England. Price 12s, 6d, net 
Reviewed by Ernest E. THusM 


PHOMAS If was, of course, who discovered 
the necessary conditions for the making of steel 
from high phosphorus pig. It not only extended 
the application of Bessemer’s process to the 
chief iron ores of Great Britain, Belgium and 
Lorraine, but the invention also comprised the 
indamentals of the basic openhearth furnace 
the one which now refines most of the world’s 

steel. The value of the slag as a phosphorus 
irrving fertilizer is so great that in one era in 
gland steel became a by-product of fertilize: 
innufacture, 

This account of the inventor and his inven 

nis written by Sipney THomas’s younger sis 
who acted as his secretary during the last 
irs Of his brief life. The indomitable spirit 
SIDNEY who, even when dying of tubercu 
is in an Algerian retreat, experimented con 
ntly with process modifications to make 
luble” phosphorus in the converter slag 
Ss indomitable spirit survives in the sister, 


oin her &8Ist vear “with failing evesight and 
approaching shadow of death” completed 
s record of events now historic. Its reading 
| 


i give some insight into that strange fact that 


ng all Englishmen a watchmaker discoy 


fire place 

We metallurgists are so 
interested in the technique of 
our art and science that) we 
rarely and tardily contemplate 
the personalities of the men 
who are responsible for the 
Watpo advances his book is 
of chief interest in this way 
SIDNEY GaitcurRisT THOMAS, as 
revealed by his letters to rela 
lives and friends, was a far 
sprighther personality than would be imagined 
from his contributions printed in Jron, a cur 
rent periodical. “Just had an excruciating con 
versation with hostess l am rapidly aging 
under these efforts. I agree with her, chiefly 
because it is easier to sav our!” 

From his reading of patents of all coun 
tries, to make sure there were no prior disclo 
sures, and his study of patent law, he became so 
expert that he instructed his attorney on the 
fine points. After the basic refining process had 
been put into operation, Thomas gave up his 
court position and traveled as much as his wan 
ing strength permitted, keeping in contact with 
the practices of the various licensees. His let 
ters from his American tours are naturally 
more interesting to us than the others, although 
few names are mentioned other than Carneair, 
Freez, Houtey, Duptey and Rayuonp. He wrote 
that our architecture was “impressive”, and 
our clubs and restaurants were more pleasingly 
decorated and advanced in comfort than those 
in Great Britain One therefore gathers that 
as an architectural critic he was a very good 
metallurgist His metallurgical comments do 
not appeal 

During his 12 vears in the London police 
court he saw so much misery due to liquor that 
he became a total abstainer. Dying a bache 
lor, he put his “biggish fortune” in charge of 
this sister, with instructions to administer it in 
such a way as to make the world a better plac 
to live in Ihe last portion of the book is a 


report of this stewardship 
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To Shape Cold Metal 


Plastic Working of Metals and Power Press Opera- 
tions. By E. V. Crane. Second edition; 450 
% 382 figures and charts. 


pages, 942 by 9 in., 
Published by John Wiley & Sons. Price $5. 


Reviewed by Joun L. BuRNS 


This is a text or reference book not one 
to be consumed in an evening’s reading. The 
approach te the different problems is essen- 
tially from the engineering standpoint but the 
book has considerable metallurgical flavoring. 
The grouping of different operations makes 
good classification possible and at the same 
time renders the subject matter more readable 
and understandable. 

The major portion of the theoretical work 
of our contemporary physicists has dealt with 
Since this book 


involves the plastic range in all of the opera- 


stresses in the elastic range. 


tions described, it affords some trail blazing in 
the development and assembly of theoretical 
data on the plastic working of metals. 

This excellent text book lists and analyzes 
some 36 practical problems. Since it repre- 
sents another effort to turn art into science it 
must be welcomed by all scientists. It will find 
its way into many of our schools as an engi- 
neering text and onto the bookshelves of many 
engineers and practical men whose job it is to 
make metals assume shapes. (Incidentally, it 
would make a good text for one of the train- 
ing courses in our National Defense Program 
because of its wide application as to materials 
and operations.) 


” 


“Save the Surface ..... 


Protective Coatings for Metals. By R. M. Burns 
and A. E. Scnun. 407 pages, 6 by 9 in., 89 
figures. Published by Reinhold Publishing 
Co., N. Y. Price $6.50. 


Reviewed by GEorGE E. STo.ut! 


Messrs. Burns and Scuun have done a 
thorough and workmanlike job in their “Pro- 
tective Coatings for Metals”, a new revision of 
H. S. Rawpon’s “Protective Metallic Coatings” 
published in 1927 in the well known monograph 
series of the American Chemical Society. Their 
book, designed to aid in solving problems of 
metal protection, shows that these gentlemen 
have a broad command of existing data in this 
field and they have presented this material in 


a scholarly yet usable form. 





They introduce their problem by a d_ cys. 
sion of protective coatings formed natu ally 
synthetically, or both, and the mechanis 4 0 
corrosion. They attack the very broad field 
they have chosen (almost too broad a sv jeg 
to be included in one book) with an ade: uay 
and intelligent review of zine, cadmium. tip, 
chromium, copper, lead, the noble, rare ay 
miscellaneous metal coverings. Their discys 
sion of zine coatings is more detailed per |iaps 
because of its broader usage; in it they ta 
the hot dip process, electroplating and cement 
tion. After a somewhat briefer account of 
organic finishes, paints, enamels and lacquers 
they conclude with some remarks on mise 
laneous coatings. 

That portion of the book referring to met! 
ods of testing the various coatings and of t! 
values of these tests is an especially interesting 
feature, as is their discussion of types of corr 
sion-testing equipment. The authors sugges 
the possibility of using statistical methods 
separate the effect of constant experiment 
errors from the effect of variations in the mat 
rial as a method of furthering knowledge. 

The book is well documented and indexe 
both as to subjects and authors, and is wel 
illustrated with graphs, tables, photographs 
and photomicrographs showing the microstrue- 
ture of the various coatings. 

In short, this book is excellent; an_ intel- 
ligent compilation of the material in the entire 
field of metal coatings, invaluable as a refer 


ence for workers in this field. 


Other Good Volumes 


ALL THOSE who worry about the supplies 
strategic minerals and metals, whether in ti 
United States, in the British Empire, or in th 
Nazi-dominated areas, will do well to get the 
facts from “The Mineral Industry During 1% 
the 48th annual issue of this publication. I 


tains the most recent relizble statistics, but unt 
tunately there are many gaps in the data [rm 
Europe. (760 pages, 6% by 9 in.; edited by 
RousH; published by McGraw-Hill Book Co., 
York; price $12.) 


LAST SEPTEMBER the American Chemical 50 
ety’s Division of Gas and Fuel Chemistry mt 
Detroit to discuss furnace atmospheres for neta 
lurgical purposes. The six excellent papers et 
presented have been mimeographed and are : yalh 
able at $1.00 from the divisional secretary, G1) 5&8! 
THIESSEN, 6625 Woodwell St., Pittsburgh. 
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“Radio Principle’ Controller 





ttl MEATS Ht 
_ a 


THE TEMPERATURE CONTROLLER WITH 
PROVED-IN-SERVICE SUPERIORITY* 


Your $125.00 invested in a Wheelco “Radio Principle’ Con 


troller pays you daily dividends in the form of: 


spendajes yousnqued 
- 


(1) Product Uniformity 
(2) Reduced Spoilage 


(3) Increased Production 


Capacitrols have often paid for themselves during a single production cycle 


The famous “Radio Principle’ control employed in 


Wheelco Controllers eliminates the 
faults inherent in all other types of controllers. 


Only Wheelco Controllers can give you 
instantaneous control combined with extreme accuracy of temperature measurement 


W ‘ for Bulletin D2-3 giving detailed descrip- 
rite 


tion of this controller 


Wheelca CAPACITROL 


*The Proved-in-Service Superiority of the Wheelce 
Capacitrol has been demonstrat 
tion where temperature control 





“Radio Principle’? Temperature Controller 
\ sasossevoy 22/0409 
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Personals 


A. B. Kreider @, formerly with 


Lukens Steel Co., is now in the 


metallurgical department ol 
Bethlehem Steel Co. in San Fran 


cisco 


Verner Lindstrom © is now 


chemist for J. H. Williams & Co., 


Bulfalo, N. \ 


Jim Eng @ is on leave of 


absence from Halcomb Steel Div., 


called on active duty as Ist lieu- 


tenant, Ordnance Dept., at 


Springfield Armory, Springfield, 


Mass., on metallurgical work. 


D. F. Clifton @, who has been 
doing graduate work at Michigan 
College of Mining and Technol- 


ogy, is now working in the lab- 


baal 


oratory ol Globe Steel Tubes Co., 


Milwaukee 





EXPERIENCE 


Counts In The Manufacture of These 
Pressed Steel Company Products 































a ae ee ee — 


PRESSED STEEL COMPANY PRODUCTS: 
couple Protection Tubes, Seamless Steel Cylinder Caps, Seamless Steel Neck Rings. Welded 
Alloy Tubing for High Temperature and Corrosive Application. 


THE PRESSED STEEL COMPANY 


Experience has taught 
us many things about 
the products we manu- 
facture for your use, 
and we pass the results 
of these years of exper- 
ience along to you. The 
primary emphasis 
should be placed on 
the dollar-saving effect- 
ed in your operating 
costs. Great care is 
used in selecting the 
alloy. Rigid inspection 
of each step in manu- 
facturing is guaran- 
teed. Specifications for 
specially designed pro- 
ducts are transformed 
into the finished pro- 
duct by expert engi- 
neers and workmen. 
All backed by the long 
years of experience we 
have accumulated in 
the manufacture of fab- 
ricated alloy products. 






PENNSYLVANIA 


Carburizing and Annealing Boxes, Thermo- 
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Hugo E. Johnson ©, form 
research engineer, Battelle Me 
rial Institute, Columbus, Ohio js 
now development engineer, t 
nical development departm 
Carnegie-Illinois Steel Co 
Pittsburgh. 


Richard H. Olmsted @ is a : 
cial student engineer with Far 


Birmingham Co., Ine., Ansé 


Conn 


Transferred: R. J. Herbenar 
©. from the Canton plant to the 
Detroit office of the Tim 
Roller Bearing Co., Steel 
Tube Division 


C. F. Weatherhead © is now 


assistant refinery maintenanc 
engineer for Trinidad Leaseholds, 
Ltd., Pointe-a-Pierre, Trinidad, 


B.W.L. 


On leave of absence from 
Crucible Steel Co. of America 
Paul V. Bol- 
lerman ©, now serving as 2nd 
Ordnance: 


research laboratory: 


lieutenant in the 
Department at Aberdeen Proving 
Ground, Aberdeen, Md 


A. S. Kos @ has left Trusco 
Steel Co. to accept the post ol 
experimental engineer with the 
Research Division of the Avia- 
tion Manufacturing Corp 


Henry D. Nickol @ has been 
called from his position as junior 
metallurgist, Picatinny Arsenal, 
Dover, N. J., 
the U. S. Army as lieutenant in 


to active duty with 


the Corps of Engineers, Ft. B 
voir, Va. 

Transferred by American 
Brake Shoe & Foundry Co.: C. D. 
Gibson @, from engineer at th 
Pueblo, Colo.., 


to chief engineer, Pamapo A 


plant to — ssistant 


Div. in Niagara Falls. 


James H. Jacobs @ is n 
junior metallurgist, U. S. Bure 
of Mines, Boulder City, N 
working on electrolytic prod 
tion of manganese. 

Elected president of Carpet 
Steel Co., Reading, Pa.: J. Heber 
Parker ©, formerly vice-pr« 
dent, to succeed the late Fred 
Bigelow ©. 




















Your Voice Is You... 


_ 
7 
# 


Vo you realize the value of a smile — In times like these, ““The Voice with 
cy & ‘ 
n telephoning? It helps a lot. a Smile” is especially important and BB) 


ourse, the other person can't see worth while. It is a characteristic 
eh ; BELI 
but the smile is there just the of the American people. And one 
aot ; 7 : 7 ae TELEPHONE 
It’s in your voice. And it re- of the fine traditions of the Bell 
SYSTEM 


a friendly, cordial personality. telephone business. 


'E BELL SYSTEM IS DOING ITS PART IN THE COUNTRY’S PROGRAM OF NATIONAL DEFENSE 
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Personals 


C. L. Foreman ©, formerly 
assistant chief metallurgist, Buick 
Motor Division of General Motors 
Corp., has been made chief metal- 
aircraft 


lurgist of Buick’s new 


engine division. Waldemar Vel- 


guth &, formerly 


specifications, becomes assistant 


supervisor of 


chief metallurgist 


Fred M. Reiter, long-time sec- 
Chapter 6, 
industrial gas engineer, Dayton 
Power & 


major, Chemical Warfare Service, 


retary of Dayton 


Light Co., is now a 
for one year’s extended duty with 
the first quarter assignment at 
the Army Industrial College. 

J. K. Bybee @&, formerly in the 


Indianapolis office of 
Metal, Inec., is now in 


sales 
Ampco 
charge of the Michigan territory. 











FURNACES FOR 
MAKING SHELL CASINGS 











The above plant is now being built and includes 
CONTINENTAL furnaces and equipment. 


CONTINENTAL has engineered many such economical 
installations. 


LET US PROVE WHAT WE CAN DO FOR YOU. 


EFFICIENT FURNACES AND COMPLETE PLANTS FOR ALL 
INDUSTRIAL PURPOSES. 


Write, wire or telephone today for full information. 


CONTINENTAL INDUSTRIAL 
ENGINEERS, INC. Te 
(lel esis ia. ag.y 


201 NORTH WELLS STREET. 


CHICAGO. ILL 





8186 Liverois Avenue 
Detroit 


5244 Germantown Avenue 
Philadelphia 


3916 Farragut Road 
Brooklyn 
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Awarded to A. R. Troian 
professor of metallurgy, Uni 
sity of Notre Dame, and A. B. 
Greninger @, assistant profes: oy 
of metallurgy, Harvard Un 

sity, the Robert W. Hunt pri: 

the American Institute of Mir ng 


aa 


and Metallurgical Engineers 


Morris Asimow ©, former|y 


research metallurgist for Gary 
Works of Carnegie-Illinois Siee! 
Corp., is now in business for him- 
self in Los Angeles, operating a 
steel stamping and forming plant 
known as the Central Metal Prod- 


ucts Co. 
R. J. Cowan &, formerly metal- 
for Surface 


Combustion Corp., Toledo, is now 


lurgical engineer 
engaged in the work of the Chris- 
tian ministry in Lima, Ohio, but 
is being retained for a time by 
Surface Combustion on a con- 


sulting basis. 


R. Edward Gohier ©, formerly 
assistant engineer with Interna- 
tional Ltd., Cap de la 
Madeleine, Quebec, has joined th 
staff of Sorel 
Sorel, Que., 


Foils, 


Industries, Ltd 


Canada 


George H. Thurston &, chem- 
ist, Bethlehem Steel Co., South 
San Francisco, has been ordered 
to active duty with the 6th Coast 
Artillery and is stationed at Fort 
Scott, San Francisco 

J. Carlton Ward, Jr. ©, 


form 


erly general works manage! 
Rome Mfg. Co., Inc., Rome, N. } 
is now president of Fairchild 
Engine and Airplane Corp., \ 
York 


Honored at a luncheon 
Corp. of Ame! 
Norris @, chief m« 


engineer, on the 3 


Vanadium 
George L. 
lurgical 
anniversary of his associa! 
with the corporation and the ; 


anniversary of his birth. 


Howard J. Middendorp G&G 
formerly in the heat treat de] 
ment of the Caterpillar Tra 
Co., Peoria, Ill, is now a ju 
metallurgist for the Army 
Corps, Materiel Division, W1 


Field, Dayton, Ohio 
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Powe Ct te ese 
quirements and save 
money with Chromium- 
Molybdenum Steels 
.-- Ask Climax how. 





example of economy with serviceability by stand- tively, these two readily available, low cost and 


lizing on Molybdenum steels: a manufacturer of easily machinable steels comfortably meet the tough- 
eed reducing equipment uses Chromium-Molyb- ness and hardness requirements of the service. 
im, SAE 4140, for gears and SAE 4150 for pinions. Write for your copy of our free technical book, 
eated to 24-28 and 28-34 Rockwell “C” respec- “Molybdenum in Steel”. 


AAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS, 
YBDIC OXIDE—BRIQUETTED CANNED © FERROMOLYBDENUM ° CALCIUM MOLYBDATE 


NM OEY: 
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Cooling of Aji 


(Continued | 


cu.tt. ol 
The disparity is 


same heat capacity as | 
water. even 
greater in practice, for whereas 
the the 
imparts its heat readily enough, 
the 


reluctant to pick up this heat, 


water wets metal and 


air 1s, 


in comparison, very 


for air is a poor conductor and 


rcraft Engines 


rom Page ?11 


unless every particle ol air comes 


into contact with the hot 


it will not have its temperature 


raised to any appreciable extent. 


The result is that the 
automobile radiator is in 
a series of water tubes 


have their exterior 


metal, 


modern 
elTect 
which 


surfaces 








Let Us Figure On Your 
COMMERCIA 


gal 
peA 
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REQUIREMENTS 


tion and are prepared to handle 
types of parts. You can be sure 


We have increased our production facilities at Warren Tool Corpora- 


promptly the heat treatment of all 
of uniform results and accuracy to 


specifications. Twenty years of experience, and skilled operators together with 
modern automatically controlled furnaces make this dependability possible. 


Consult us now about your heat treating 
answer—even if it’s one of delivery. 


problems. Perhaps we have just the 


WARREN TOOL CORP. 


7O1 TOOL ST. 





WARREN, OHIO 
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enlarged from three to five t 
by passing through sheets of 
metal that act as fins. 
This is quite different 

the type of cooler that is 

found on 
the 
“honeycomb” or 


usually aire 


namely “air tube ec: 


“cellular” 
seamless 


This consists of 


wall tubes whose ends have 


expanded slightly into hexag 


shape so they nest clo 


together although there re: 
between « 


narrow passages 


surfaces of the round tubes 


way. Seamed tubes are r: 
used as they offer such nu 
ous possibilities of fail 


Only the ends of the assembled 
tubes need be dipped in solder 
the 


fixed in a 


and entire honeycomb is 
then 


Sel 


proper casing 
the 
motion, rushes 

the the 


which is circulating through th 


direction 
throug! 
liquid 


end-on_ to 
the 
tubes, 


cooling 


tortuous passages within the c 
As a 
and 


large surface is availabl 
the 
owing to the 0.005-in. walls 
the 


were quite satisfactory even 


construction is light 


tubes) these air tube cor 


P 


automobile work, despite — th 
obvious loss ol efficiency Owing 
to the 
cooling surface. 


the 


intertaces 


absence of any indire 


In other words 


air-metal and = liquid-meta 


are nearly equa 


whereas the first should be mucl 


larger. 


Tradition dies so hard tha 


the belief is still common 
their disappearance in the a 
motive field is due to the hig! 
cost of the seamless tubes 
which they are compo: 
whereas it is due to their « 


paratively low power of heat dis 
sipation in a ear and ul 
normal road conditions, in 
parison with the current typ 
radiator cores 

Owing to the free air-\ 
these cores have found thei 
tor Cr 


mate development 


airplane engines In all 


design minimum resistan¢ 


motion through the air ts 


an essential consideration 





eneines. 








aunee is referred 
ed to as | 
: nh some "4 
Cs ; > 
ises the heat trans- 1Yso" | 
"“OUS the tubes 
Senerally | 
all ised 


g and varies with tl} . 
1¢ m > . 
of the velocity, while the ao to the lubricating oil ic 
. eXac : were 

f heat dissipation from “as | telly double that in a simila, ere I8 in. long. This easton 

to over-rushing air j t engine with water cooling . moa much more Compact) rad 

ms « S no In » — ator : : : aay 
proportionate to the veloc- bee: the war of 1914-1918 it ri which could be partly with 

that as speeds iner ems standard practice rage erp into the fuselage t are 
° . “ase ra i P . “~ ” se t 1c “OO “s we 
irag rises far more quickly | , tlor cores made up from | alee, Dimensions Of the 
the rate of heat dissipati : rass tubes, 43, jn. lone he 40 lonevyeomb tubes are now varied 
; ‘ ation. m : S ™; lo we ORK 
‘ow that high speeds are nee diameter. about 0.003 - ney the Performance of the 
: " *k re : . ( re 
ly sought, the oie eo e : ‘ Uhe higher Speeds — liierent arcratt, the lendene,y 
ugh the cooling svstem oo ided their own solution. for the cing lo Smalley: aul cells ‘ 
reduced in velocity { ust extra air flow made longer tul | eer tubes, ratios of length t 
Oo 4 Mcia > ICS ' a oO 
’ in eflicient. so that in the ear] diamete, of 80 to 4 bei 
‘arty emploved Ds SENG 
nds on n ri 
ft page 


mic figure, and also con- 
ed for proper action during 
imb at full throttle but half 
d. Until fast speed became 
















tmount, this was accom 
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FOR AMERICA’S Derry 
ING ELECTRIC Fypy _*- DETROIT ROCK. 


BETTER CASTINg wus MAKING 
ER AND— 





shed by adjustable shutters 





heat imparted to the air 





eases its velocity, and if the 





\its free from eddies, a pro- 


putsive effect should be Obtained 








he Crore i ces 
i I { re, with proper le ign 
> , 


the cooling 
‘ oling S\ Stem Should have 
‘ al 





egal . “sa as 
live drag. As a matter of 


i ' s 
ict, of ? 
IS now con idered that 

















cit Nere . 
ene rey lost in cooling may 
In scores of America’s busiest plants making castings 


directly or indirectly for defense Detroit Rocking 
Electric Furnaces, in ever increasing number 
speeding-up production and cutting costs. 

Used for both ferrous and non-ferrous melting, the 
Detroit Furnace cuts metal and alloy losses. It pro- 
duces so many heats in such rapid succession 
throughout the day that it results in more production 
from less floor space and plant equipment. It is de 
pendable, simple, easy to control. It insures a higher 
percentage yield and a better average quality of 


by 7 recovered at speeds of 300 
les per hr. 
rhe recovery of : : 
ientioned above iauiece. oo . 
“'r-cooled and radiator-cooled 
engines, While the former has 
the advantage of a distincth 
“es preegeas temperature dif- 
26 : the same operating 
‘emperatures in the engine, The 
product. 
Write today for further facts about this remarkably 


limit “ as a 
ing factor is the Provision 
efficient metallurgical production tool. 










| sufficient cooling surface 
aes : ' ; i on 
Ss, and so far this has been 


rel Cc ” 
leved, at least on radial 


In liquid-cooled engines, the 
= sre” blgher Operating tem- 
te aturally led to atten- 
INE paid to cooling liquids 

. than water. Ethylene gly- 
nas a higher boiling Rad 
4 -) Which allows a smaller 
a not only due to the 
: vperattng lemperature. 
"SO to the facet that glyeo] 
Up heat less readily than 


Type AA 1000 lb. Detroit 
Automatic Rocking Elec 
tric Furnace with coni 
cal shell design 





hy that a Smaller propor- 
the heat from the cVlin- 
removed. Part of ‘this 


heat g i 
eal goes into the lubri- 


ELECTRIC FURNACE DIVISION 


Ol, so it js essential to 
KUHLMAN 
ELECTRIC COMPANY ° Fe aon | 
‘> 4 MICHIG 
AN 


Salisfae ; 
tUisfactory oil cooler 
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Aircraft 


(Starts on Page 211) 

In England the Anderton 
Brown patent tube is exclusively 
employed; this tube is hex- 
agonal and designed with differ- 
ential water-ways, so that its 
total area is constant. The tubes 
are solid drawn. Originally, they 


were of brass from about 0.0055 


to 0.004 in. 


the diameter, but now extensive 


thick, according to 


use has been made of cupro- 
nickel alloys and ol copper or 
very low brass tubes. Copper is 
used in the United States, but a 
very small proportion of zine 
stiffens the tubes considerably, 
eases the problems of manufac- 
ture, and does not impair the 
resistance to corrosion. Cupro- 


nickel alloys are most satisfac- 





THE 


“HIFTH COLUMNIST’ 
OF METALS... 





rotect iron and:steel 


parts between operations, 


in storage or in 


transit...with Houghton’s 


RUST-VETO 








Chicago - 


These are a new, proven series of rust preventives 
every type, to meet every problem. Write 
for descriptive folder. 


E. F. HOUGHTON & CO. 


Third and Somerset Streets 
PHILADELPHIA ~ - 


Detroit 
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tory, but costly, especially 


small tubes The strength js 
important, as high spe 
coupled with rapid change 
stress 


direction, severely 


machine. Monel metal is 
used occasionally for tubes. 

A good quality tin-lead s 
is employed for fixing the t 
into a block; this is’ ususlly 
strong enough and_= corr 
problems are not. serious 


Solders with melting points 


above that of lead-tin solders 
but substantially below that of 
brazing metals, are difficul 
work; the most satisfactory 
seem to be the lead-silver alloys 
These run as freely as their com- 
petitors, and once a_ joint is 
made it is very robust. 

Pure tin is satisfactory, but 
costly, and the melting point is 
low. Tin-silver and tin-antimony 
alloys are used; the latter tend 
to be brittle and crack in servic 
Zine-cadmium alloys are § 
used, but appear to have the 
same disadvantages. 

Oil coolers are made in much 
the same way. The difficulties 
are largely in their operati 
lubricating oils are by no means 
easy to cool and the rate of heat 
transfer may be 50° of that 
which would be attained with 
water in the system. Oil is 
viscous when cold, so that if 
small tubes are used in the 
cooler and if it is not operated 
properly, they will remain per- 
manently blocked. As air tem 
peratures at high altitudes are 
very low it is essential that the 
cooler do not congeal in adve 
circumstances. A recent develop 
ment is multi-unit coolers, whic! 
adjust themselves very close! 
the demands made on the « 
ing system, each unit cuttings 
and out as required. 

Owing to the high temp 
tures and pressures which 
oil may reach, silver-sold 
joints are frequently used. 
metal is ust \ 


casings, sheet 


lighter than a casting; to ob 


the necessary strength, cor s 
usually have a round body $ 
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- psi. from the heat treatment and tubing The American W 

We } d | i «J the forged lug responded admi- ing Society recently publis! 

rably Yet we still have 71,000 an extended abstract of the 

psi. tensile of the bead antago- erature on this very prob! 

Continued from page 194 nistic to the 148,000 psi. lug and Where else can such cracks ec 

fairly uniform tensile strength the 121,000 psi. tube from except localized inter 

throughout the tube except in Wholly irrespective of the Jocked-up stresses high enoug! 

that area immediately adjacent question whether heat treatment overpower the strength of o: 

to the weld bead The weld- can remove internal stresses in nal metal? The alias of My 

ing operation has undoubtedly welds, it is common knowledge PROGRESS noted it in a Crit 
resulted in some dilution with that cracks alongside welds have Point last December entitled 

the low carbon weld rod for we plagued the manufacturers of “Crack-Free Welds in Aire! 

drop 10,000) psi. at this zone welded skeletons for small air- Tubing” and in conclusion 
The weld metal picked up 10,000 cratt (made of this very N4130 quoted one of the metallurgists 


at Wright Field to the effect t 


a it is no easy matter to desi 








weld and treat an assemblage of 
tubing, plate and forgings of 
varying wall thickness and mass 
which after oil quenching v 

have hardness strength u 

form enough to be acceptable to 
the Air Corps of the U.S. Army 


SPEED CASE STEEL ee iis cal 


A LOW CARBON OPEN HEARTH PRODUCT have done. The last photograph 


on page I%4 shows an X4130 


Assured You... rolled steel bar with corners 


mitered and placed vertically or 


]. INCREASE PRODUCTION a rolled bar of S.A.E. 1020 


40% to 80% Over SAE X1020-X1314, ete. welded on both sides, and for 
ing a somewhat lopsided T. On 


MACHINABILITY weld at the right was with s 


very low carbon rod, 
Machines as fast as SAE X1112 : 
at the left a medium carb 


rod. This specimen, like that 
CARBURIZING already shown, has been car 
Carburizes like SAE X1020 fully polished and picral etched 


Please note again the marked 


PHYSICAL PROPERTIES ina at Got: premens 


last drawing is also s 
Equal to SAE X1020- X1315-1115 


explanatory, as it shows 
] hysi ‘al ‘onditions before a 
UNUSUAL DUCTILITY ty “ee accel Mic I 


180° Bend (Cold Drawn) graphs disclosed the expect 
change of microstructures aft 


SMALLER INVENTORY the heat treatment 


Let me end on somethi 


4 


Due to Versatility of Speed Case 


else than a critical note 
main object has been to « 
Licensor attention to the hazards ot we 


MONARCH STEEL COMPANY ing as it is now done in the sh 


HAMMOND e INDIANAPOLIS ° CHICAGO and to excite interest in devis 
PECKOVER'S LTD., Toronto, Canadian Distributor Ways and means of producing 


Licensee for Eastern States far more balanced physical c 


THE FITZSIMONS COMPANY dition in welded members 


YOUNGSTOWN, OHIO must and it will be done, for t 

country has plenty of brains a 
MANUFACTURERS OF COLD DRAWN CARBON AND ALLOY STEEL BARS it . . 
ingenuity ; 
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CRYSTOLON HEARTH PLATES 
Pay Quick Dividends 


STRENGTH—permits thin plates, thus freeing valuable furnace 
space for production | 

ABRASION RESISTANCE —means long lite and infrequent 
replacement | 

HEAT CONDUCTIVITY means savings in tuel! 

Crystolon Hearth Plates will do a job for you a yb you'll 


appreciate in these times when high production schedules must 


be maintained. Send tor complete information. 


IRTON COMPANY, WORCESTER, MASS 
York Chicago Cleveland 


——_- —_  ———_> 


| | NORTON || 


Fcaeaiela” 
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War Metals 


(Continued from page 180) 
quarters of her exports have 
been stopped by the “Japanese 
incident”. This now puts Burma 
India) the leading producer, 
but England has first call and 
probably needs it all. Germany 
stock-piled the metal to a great 
extent, importing one third of 


the world’s production during 
the period 1934 to 1939. America 
belatedly has announced that we 
will accumulate $25,000,000 
worth of tungsten concentrates, 
but the sources for this are 
rather problematic. 

During the last decade, aided 
by a protective tariff and a grad- 
ual increase in price from $1 per 
lb. of tungsten in ferro-alloy in 
1927 to $2 per Ib. in 1937, Ameri- 












... Withstands entire 
carburizing process... 
followed by quenching! 


For carburizing, nitriding and 
other heat-treating equipment, 
have you investigated the possi- 
bilities of the high-nickel alloy 
INCONEL? 

Note the adv antages of Inconel 
as listed at right. For full informa- 
tion on this heat-resistant, high- 
nickel alloy write for Bulletin 
C-8, “High Temperature Uses of 
Monel, Nickel and Inconel”, 
Address: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York, N. Y. 


Ir is at mark 
. f The I \ ( pa 

25 ‘ l 
PA\abnded OS " 


INCONEL 





Spacer racks used in pinion gear 
carrying assembly, made from : 
Inconel sheet by Kay Products 
Company, Detroit, Mich. Now giv- 
ing 2409 hours against 700 hours 
by former material. 








ADVANTAGES OF INCONEL 
AT HIGH TEMPERATURES 


1 Maintains high strength and 
ductility. 


Very resistant to oxidation. Oxide 
adherent, does not readily scale off. 


Resistant to carburization. 


gases. 


Resistant to hydrogen, cracked am- 
monia and other protective atmos- 
pheres. 


2 
3 
4 Resistant to the effects of nitriding 
5 


Makes ductile welds, not subject to 
intergranular deterioration. 


7) 


7 Free from excessive distortion dur- 
ing sudden temperature changes, 
due to low coefficient of thermal 
expansion. 


8 Readily formed into complicated 
shapes. 


Mill forms and welding rod avail- 
able from mill stocks. 

















can mines, principally in Neva 
Colorado and California, h 
produced about two thirds of ¢ 
requirements. Even in the pi 
ent situation the price of tungs! n 
in ferro-alloy has not shar 
increased, yet we are curren 
producing about half of « 
needs. Recently a private plant 
has been built and is now clean- 
ing off-grade concentrates. 1 
Bureau of Mines has also pi 
pected with diamond drilling a 
big body of low grade, high cost 
tungsten ore in the Nightingale 
district in Nevada. All in all, it 
is anticipated that, with increas- 


— 


ing price, large new productior 
in the western states can be 
anticipated—as it did during 
the last war. 

About 95° of the tungsten is 
utilized by the metal industry 
Most goes into high speed cut- 
ting tools and other tool and dic 
steels; other important uses are¢ 
a 3° addition to the austenitic 
chromium-nickel steel exhaust 
valves for aircraft motors, and 
the somewhat higher’ tungsten 
content in alloy overlays on valve 
seats to resist scour of hot gases 
Likewise tungsten is an essential 
constituent of  stellite, another 
tool material, and magnet steels 
Tungsten filaments for electri 
lights are so exceedingly fine that 
less than 2% of the tungsten used 
in America is required. How- 
ever, a much larger and con- 
tinually growing demand _ tor 
tungsten carbide cutting tools ts 
to be anticipated. 

The United States will pro 
ably require about 10,000,000 
of tungsten in 1941, of whi 
half can be expected from Am: 
ican production. If suppl 
from Asia should be interrupt 
some 40° of these requireme! 
could be had from other sour: 
in this hemisphere, principa 
from Bolivian mines in the 
mining districts. 

All in all, the situation d 
not seem too comfortable. 
could be much worse if ther: 

a sudden and expanding dema 


(Continued on page 230 








‘TO MEET x 


x«K*K 


GOVERNMENT 


BOM BS and SHELLS for the govern- 


ment, or any purchaser, must meet rigid heat 
treatment specifications. Any manufacturer who 
anticipates the making of munitions should 
examine his present heat treating equipment 


to see if these specifications can be met. 


One of the many outstanding features of the 
Flinn & Dreffein standard chain furnace is that 
it can be changed over to handle bombs and 


other munitions in a few hours. 


Other F&D furnaces are designed likewise to 
handle munition work so that it meets govern- 
ment specifications. Based on the engineering 
knowledge built up in 35 years, Flinn & 
Dreffein is prepared today to design and build 


heat treating furnaces on a production basis. 


Investigate Flinn & Dreffein. Check the 
reputation of such familiar F&D furnaces as the 


following: 


Associated Com pany 


WEAN ENGINEERING 


COMPANY INC. 
WARREN, OHIO 






































annealing . . . billet heating . . . bright anneal- 
ing .. . controlled atmosphere . . . carburizing 

. scale-free annealing . . . forging . . . hard- 
ening ... normalizing .. . continuous conveyor 
furnaces for sheet mills . . . continuous normal- 
izing furnaces for sheet mills. 
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Ib. of 40 ferro annually (very 


War Metals dita to the apparent consump- 


tion in 19389) and even this can 


(Starts on page 175 be expanded, given a little time. 
for tungsten” steel for armor Most of the American production 
piercing bullet cores, or erosion comes from ore mined in Colo- 
resisting metals for gun liners rado, although other mines in 

Vanadium is classed as a \rizona and Utah are developed 
critical metal although it is esti- and merely await demand (and 
mated we can currently produce price). During the past few 
from developed mines within vears America and Peru have 
the United States some 4,000,000 produced approximately equal 








a to meet the demands for rapid fatigue tests, the 
R. R. Moore high speed Fatigue Testing Machine now operates at 
speeds of 10,000 rpm. The machine is equipped with a variable 
speed drive —an essential feature in the testing of certain alloys 
which heat up when highly stressed and it also allows correlation 
of high speed tests with previous lower speed tests 

Based on the rotating beam principle, the R. R. Moore Machine 
has gained widespread acceptance. These fatigue testing machines 
are in constant use in the nation’s leading research laboratories 
Write for descriptive bulletin No. 134-A 


Dhar Sms 


DIVISION OF THE BALDWIN LOCOMOTIVE WORKS 


° ' t i oD ft i ad Hw ' ” 
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amounts of vanadium, and t] 
combined production equ. x 
about two thirds of the en 
world’s production. The Perw 
mine is owned by American in 
ests, and it also can expand (s 
production. Under these cire: 
stances, vanadium appears t 

a somewhat less critical m: 
than others on the list. 

Zinc is not listed either as 
strategic or critical, but a critica] 
situation developed late in 1940 
said to be due to large British 
purchases. At any rate, the \ 
ble stock in America is normally 
equal to about ten weeks’ con 
sumption, but at the present ti 


it is nearer ten days’. It is not 
surprising, therefore, that the 


price has increased from 4'.¢ 
per lb. as of January 1939 to 
7‘4¢ per lb. as of January 1941 
However, it is more puzzling 
that U. S. production throug! 
1940 remained fairly steady al 
the rate of 640,000 tons per yea 

Normally we produce ar 
consume) about one third of t! 
world’s production. Our min 
capacity and reserves are very 
large; similarly our rated smeltei 
capacity (600,000 short tons per 
vear by distillation and 214,000 
by electrolysis) is about 35 } 
the world’s ingot producing 
capacity. The lag in the expan 
sion of zine output may be 
explained by finding a consider! 
able proportion of the _ listed 
capacity by distillation in no con 
dition to operate. At any rate, tl 
is understood that added sm: 
ing capacity will be in operat 
by July 1941. Little expans 
in American mining will be ne 
essary, because 250,000 tons o! 
over-seas concentrate, norma!!s 
smelted on the Continent, can 
get there in 1941. 

Zinc, of course, is essentk 
the brass industry; large q! 
tities are also absorbed in 
galvanizing of iron, in the 
duction of die castings, an 
rubber manufacture. Of tl 
the typically wartime produc 
will be for brass shell and 


@ 


tridge cases 





